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By H. C. Lorn. 


IN a paper read before the conference of astronomers held 
at the opening of the Yerkes Observatory, an abstract of which 
was published in this JouRNAL, 6, 5,1 gave an account of the 
work undertaken at the Emerson McMillin Observatory upon 
stellar motions in the line of sight. The observations there 
published seemed to indicate that the instrument was in satisfac- 
tory adjustment and that the accuracy reached was about all that 
could be expected from the instrumental power at my command. 
I also called attention to the fact that there were some twenty 
to twenty-five stars of tvpe Ila given in the Draper Catalogue, 
whose velocities had, so far as I know, not been determined, and 
which were nevertheless bright enough to be observed with the 
instruments here. Upon my return from Williams Bay, system- 
atic work was begun upon these stars. As this work will require 
some time for its completion it has scemed to me advisable, as 
the work upon the separate stars shall be completed, to publish 
the results in advance of a general discussion. These results are 
not definitive, but any subsequent changes will not materially 


alter the values given. 
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The instrument used has already been described. One 
important change should be noted; upon the frame of the spec- 
troscope, as far removed from the prisms as possible and at 
points where the heat of the prisms would be lost through 
conduction to the heavy metal parts of the telescope, are 
placed coils of wire, connected through a switch to four cells 
of storage battery. These coils are of such resistance as to 
allow a current of from five to seven amperes to flow through 
them. The whole spectroscope is also inclosed in a tight fitting 
covering of two thicknesses of felt and one of black velvet. 
A thermometer is placed in the prism box, the bulb not touch- 
ing the metal and the stem projecting through the felt and velvet 
cover. This thermometer is read from time to time during the 
exposure, and as soon as the mercury starts to fall the current 
is turned on the coils for from 60 to 120 seconds. After a few 
minutes the mercury will rise to its normal point. The temper- 
ature lag is very great, but a little practice enables the observer 
to allow for it, and the temperature of the thermometer can 
easily be kept within 14° F. while the temperature on the outside 
falls from five to ten degrees. Though this may not represent 
the temperature of the prisms exactly, yet since the thermometer 
is placed in the air surrounding them, | feel confident that they 
must be kept at a fairly constant temperature. 

The hydrogen tube is placed on an arm which can be swung 
over and about eight inches in front of the slit, directly in the 
cone of rays. 

The method of taking the photographs is as follows. The 
telescope is set on the star, the hydrogen tube placed in position 
and exposure on the tube of from ten to twenty seconds is given. 
The tube is then removed and the exposure on the star given, 
after which the tube is replaced and a second exposure of the 
same length as the first given on the artificial line. 

The method of measuring the plates is substantially that 
given in the Potsdam Publications, Vol. 7, for the type Ila stars, 
except that in every case the plates were measured in two 
positions under the microscope, once with the red end on the 
right and the solar standard below the star spectrum, and once 
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with the red end on the left and the solar spectrum above the 
star spectrum. The solar standard No. 454 was used in all these 
observations. This spectrum is about four times as wide as the 
star spectra but much narrower than the solar standard used in 
the earlier observations above quoted." 

On this plate 1™" corresponds to a velocity 1443" per 
second. The velocity is also computed for each line compared. 
The separate results together with the collected means are 
given below. Plate No. 438 has been rejected from the means. 
This plate was so badly underexposed that I rejected it twice 
before measuring but at last was induced to try it. I find in 
the record of the observations that at the end of the exposure 
the objective was badly dewed and hence have decided 
to reject this value at least for the present. On account of the 
large difference between Red End Right and Red End Left in 
Plate 488 it was remeasured. The small value —5.2 might have 
been due to recording the setting on the artificial Hy for that 
on the star Ay and vice versa. The mean of the two values is 
adopted. 

As a further check on the work, the observations on « Aurigae 
and e Geminorum were reduced, regarding the solar parallax and 
the star’s velocity with respect to the Sun as unknown. The 
values found are for Aurigae: t=9".2 and for 

eminorum: 7=10".1. This agreement of these 
values of V, thus found with those previously obtained and that 
of 7 with the true value would seem entirely satisfactory. 

It is as yet too soon to discuss the probable error of these 
observations, but from the thirty-six residuals (rejecting plate 
438) I find that the probable error of a single observation is 
about 2*™ per second, which corresponds to a displacement on 
the photographic plate of only o™".0018. 

The faintest star yet photographed is « Aurigae, with a 
photographic magnitude of 4.87. The Draper Catalogue gives 


‘In the abstract above quoted 1™™ displacement on the plate is said to corres- 


pond to a velocity of 143*™.7 per second. This is an error. It should have been 
1437*™ per second. 
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OBSERVATIONS FORK MOTION IN THE LINE OF SIGHT. 


v | | 
2% | 3 v | Observed velocity Reduction | Velocity 
Star Date ge tothe | reduced to | 
| | Red end) Red end | M Sun | the Sun 
~ right 
441 | « Aurigae Nov. 20, 1897 75™ +12.7, + 5.2;+ 89 + +168 
443 80 +21.2 + 6.9 | +25.6 
461 | Jan. 8, 1898 80 —-16.1) +24.6 
465 | 23, “ |75 |+47.9| +45.8|+46.9| —21.9] +25.0 
467 | “24, “ |70 | +44.3| +40.7 | +42.5 22.4| +20.1 
468 | 75 |+40.1 | +38.4|+39.2) —23.5| +15.7 
471 75 | +51.1) +45.8 +48.4 —25.0| +23.4 
473 “3 “ 175 | +43-3 | | 4+41.2 25.6 | +15.6 i 
475 | “6, “ —26.3) +23.4 
480 “ 25, “ |80 | +48.9 | -+46.c | +47.4) —29.2| +18.2 | 
Mean | +20.8 
438* Geminorum Nov. 17,1897 |80 +11.9 11.6|-+11.7 ) 
438* “ “1 |+ 8.9 + 9.9 § +19.9 |[+30.7 
442 = 75 | — 4.2|— 9.5 6.9) +18.8) +11.9 
444 90 |— 2.3|— 97/— 5.9 17.7 | +11.8 
462 Jan. 8, 1898 |90 | +16.7| +11. | +15.2; — +10.0 
469 | 75 | —15.0| +14.0 
472 75 | +31.7 | +28.0 | +29.9 -17.0| +-12.9 
474 | 75 | +28.7 +25.€ | +27.1 17.9| + 9.2 
476 75 | +37.0| +34.1/+35.5| +16.5 
485 3%, 79 | +45.9 | +41.7}+43.8) --28.7) 415.1 
489 75 | +46.2 +44.0) +45.1) —28.8) +16.3 
Mean | +13.1 
486 Leonis Mar. 13, 1898 | 5” | +29.2 | +24.4 | +26.8 16.0| +10.8 
490 45 +24.1 +23.4)+23.8 —16.4|) + 7.4 
496 45 | +28.1 427.1) —20.6| + 6.5 
500 | 31, “ 145 | +343! +25.8 | +30.1 22.7| + 7.4 
504 April 7, “ 45 +34.7 | +28.5 | +31.6 -24.8| + 6.8 
Mean} + 7.8 | 
487 | ¥ Urs. maj. Mar. 13, 1898 | 7 18.3) + 9.9 +14.1 10.3 | 
491; “ 70 +12.6 10.7; + 1.9 
494 70 +10.8 +10.2) +10.5 14.2| — 3.7 
497 | “ 25, “ |70 |+ 86/+ 65/+ 7.6| —14.5| — 69 
sor; “ 7O  +15.6 +11.5)/ +13.6) —16.4 2.8 
505 April 7, “ |70 | +25.9 +-20.7|-+23.3| —18.4| + 4.9 
Mean| — 0.4 
488S) Virginis Mar. 13, 1898 |75 | — 5.2 —16.1 10.7 |) 
4883) 413 “* |—1286| —18.0|—15.3 yt 7-9 
492 | “ 14 “ 175 7.4] — 8.4 
495 | 75 |— 13.5) -14.3 13.9| 2.§ 11.4 
498 | ag ee so |— 8.5|— 9.6 9.0| + 2.2 6.8 
502 | 75 |-- 9-4 13.8 11.6} — 0.8 -12.4 
506 = April 7, “ 75 — 4.8|— 6.9 5.8) — 4.5 10.3 
Mean) -- 9.1 


* Plate 438 wag rejected on account of underexposure. 

§ Plate 488 was measured twice. : 

Velocities are given in kilometers per second. The + sign denotes recession; | 
the — sign approach. 
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twenty-four stars north of the Equator classed as K, brighter 
than 4.89, whose velocities have not been determined at Potsdam, 
and eleven stars of types JJ and Q. These stars will be investi- 
gated as rapidly as possible, at least five satisfactory photographs 
of each star being secured. 


EMERSON MCMILLIN OBSERVATORY, 
Ohio State University, Columbus, Ohio. 
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ON THE SERIES SPECTRA OF OXYGEN, SULPHUR, 
AND SELENIUM. 


By C. RUNGE and F,. PASCHEN. 
I OXYGEN. 


WE may say that there are six different spectra of oxygen. 
First, there are two absorption spectra, as Janssen has shown. 
They differ in the variation of their intensity. One increases in 
intensity proportional to the density of the gas, the other pro- 
portional to the square of the density. Then there are four 
different emission spectra of oxygen in the vacuum tube, as 
Schuster has shown. A continuous spectrum, a band spectrum 
near the cathode, the spark spectrum, and the ‘‘compound line 
spectrum.’’ We propose to alter the name of the compound 
line spectrum, and to call it series spectrum, because we have 
found that the lines are distributed in ‘“series’’ similar to those 
that had been found in the spectra of many other elements. 
This is the spectrum with which the present investigation deals. 
At the same time we have found that sulphur and selenium, 
under similar conditions, also emit series spectra, which seem to 
be analogous to the series spectrum of oxygen. For producing 
the spectra we used the arrangement devised by Paalzow and 
H. W. Vogel.*' Both sides of the vacuum tube are separately 
connected with the pump. Both connections pass through U 
tubes, one containing sulphuric acid and electrodes to generate 
oxygen, the other containing a solution of potassium bichromate 
in concentrated sulphuric acid to keep off the impurities of 
the grease of the stopcocks. The same arrangement was used 
for the investigation of sulphur and selenium, with the sole 
addition of a wider part at one end of the tube, which contained 
H,SO, or H,SeO, (see Fig. 1). The electrodes were made of 
platinum foil. 


* PAALZOW and,H. W. VoGEL, Wied. Ann., 13, 336, 1887. 
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PLATE II. 


Principal | 


Principal ? | 


RSecondary | | | | | | | 
Principal ? | 
1Secondary | | | | | 
R Secondary | | | 
Principal ? | 
Principal 


e Principal ? ] 
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Fic. 1. 
OXYGEN. 
Number 
| 
2883.05 oor | 44°46 
3692.586 0.003 | 3 7 
3823,714 0.018 | 2 7 
3825.22 | 6 | 
3830.41 0.07 | 3 2 | 
3947.480 10 | The differences between the wave-lengths of this 
3947.661 0.016 | 3 7 | triplet are more accurate than the absolute 
3947-759 \ 4 | wave-lengths. 
3954-775 0.020 | 3 8 
4217.25 0.04 4 4 
4222.94 0.01 
4233.48 0.03 | 9 , 7 
43038.4606 0.010 | 3 Io | 
4522.95 | | Double. 
4523.70 
4570.97 O11 | 2 2 Double. 
4577.34 0.06 | 2 
4589.16 0.06 2 2 Double. 
4590.07 0.00 | 2 3 
4054.41 } I 2 
4654.74 3 
4055.54 0.03 4 4 
4672.93 | 0.06 3 3 Double. 
4673.88 | 0.04 4 3 
4772.72 0.02 2 3 
4773-07 | 0.05 2 4 
4773-94 | 0.01 6 5 
4801.98 | 0.14 2 2 
4802.38 0.10 
4803.18 0.03 8 | 4 
4967.58 0.04 
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OXYGEN — continued. 
|Number | | 
| nations 
4968.04 0.04 3 | 
4973.05 1 | « | Diffuse. j 
4979.73 1 | «1 | Diffuse. 
5018.96 0.04 ‘| 2 3 | 
5019.52 0.07 | 2 4 
5020.31 0.01 | 13 5 
5037.34 0.5 3 2 Diffuse. 
5047.88 0.1 4 2 Diffuse. 
§130.70 0.07 | 9 3 | 
5146.23 oon | 3 5 
5275.25 0.04 7 4 , 
5299.17 0.03 | 3 5 - 
§ 329.162 ) 6 
5329.774 | ¢ 0.01 3 7 
5.330.835 \ | 10 
5405.08 0.10 6 3 
5408.80 0.04 7 4 | | 
5410.97 0.03 | 7 
5435-371 
5435.968 0.015 6 
5512.92 0.02 5 | component on the more refrangible 
side. 
5555.16 0.04 | 3 6 Double, weak component on the more refrangible 
| side. 
5750.82 0.04 2 5 | 
5958.75 0.02 6 6 | Double, weak component on the more refrangible 
5992.67 I 3 side. 
5995.70 0.15 3 4 | 
6046.336 |) 0.03 2 | 
6046.564 |)" 6 7 | There is a weak line at 6107 (intensity 2) that \ 
6156.198 _ | we did not measure. 
| 7 
6156.993 8 = 
6158.415 | \ 10 
6256.81 | 0.05 I I 
6261.68 I 3 
6264.78 | 0.09 I I 
6267.06 004 | I 
6453-900 | 6 
6454.756 (0.015 | § 7 | P 
6456.287 | j 9 
7002.48 | 0.13 | 4 4 There are weak lines at 7157, intensity I, and 7474, 
intensity I, that we did not measure. 
7254.32 | 0.13 | I 2 | 
7772.26 | 0.07 | 5 10 | 
s ( The mean error 0.15 refers to the mean of the 
7774-30 0.15 | 3 e two wave-lengths. Their distance is less accu- 
7775-97 ) | 6/ rate, as the lines were not easily seen separated. 
— 
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The triplet in the extreme red part near 7770 is probably 
the strongest of the whole spectrum, considering how little 
sensitive the eye is for these rays. A singular interest is attached 
to it, as the three components coincide with three solar lines of 
equal relative intensities." Jewell has observed them with high 
and low Sun. After first suspecting them to be water-vapor lines 
of terrestrial origin, he later on came to the conclusion that they 
are probably true solar lines.’ 

There are thirteen triplets of similar appearance, whose wave- 
numbers show the same differences. They decrease in inten- 
sity with decreasing wave-length, and form two ‘secondary 
series,” as will be shown later on. The wave-numbers given in 
the following table are the reciprocals of the wave-lengths 
reduced to vacuum, and the decimal is placed so that we have 
the number of waves per centimeter in vacuo, 


TRIPLETS. 

Wave-length Wave-number Difference || Wave-length Wave-number Difference 

| | 
6456.287 | 15484.57 368 4803.18 2081 3.84 6 
6454 756 15488.25 208 4802.38 20817.30 
6453.900 15490.30 > 4801.98 20819.04 74 
6158.415 | 16233.52 76 | 4773-94 20941.31 81 
6156.993 16237.28 4773-07 20945.12 
6156.198 16239.38 | | 4772.72 20946.66 | 54 
5437-041 18 387.34 363 | 4673.88 21389.62 35 
5435-968 18390.97 ae | 4672.93d 21393.97 43 
5435-371 |  18392.99 | 

4655.54 | 21473.88 360 

§330.835 18753.05 374 4054.74 21477-57 152 
5329.774 18757.39 215 4054.41 21479.09 
§329.162 18759.54 | 

4590.07 | 21780.17 | 
5020.31 | 1991 3.63 315 4589.16d 21784.49 | 43 
5019.52 19916.78 ast 
5018.96 19918.99 4577-84 | 21838.35 | 

4576.97d | 21842.50 | 415 
4968.94 | 2011950 | 
4908.04 | 20123.14 | 187 4523.70 | 22099.71 | 66 
4967.58 | 20125.01 4522.95d | 22103.37 | 3 


‘RUNGE and PASCHEN, “ Oxygen in the Sun,” this JOURNAL, 4, December 1896. 
? JEWELL, this JOURNAL, 5, February 1897 and 6, November 1897. 
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In the four weakest triplets the two weaker components could 

not be measured separately. In the four strongest triplets the 
distances of the components could be determined with our large 
concave grating of 6".5 radius. They are therefore far more 
s accurate than the differences in the other triplets. They give 
as the mean of the differences 


3.70 and 2.08. 


In the following table we give the wave-numbers of each 
triplet corrected to these values. The components are altered 
according to their weights in such a manner that the center of 
gravity remains unaltered. The weights of the three compo- 
nents were assumed equal to 3, 2, 1, which very nearly corre- 
sponds to the accuracy of their determination. 


WAVE-NUMBERS. 


on Corres sondin 
Wave-number Corrected wave-number | Difference see nding 


| deviation of wave-length 


15484.57 15484.56 —0.0I 0.004 
15488.25 15488.26 + 0.01 — 0.004 


15490. 30 15490.34 + 0.04 — 0.017 
‘ 
16233.52 16233.55 + 0.03 — 0.011 
16237.28 16237.25 — 0.03 + 0.011 
16239.38 16239.33 — 0.05 + 0.019 
18387.34 18387.30 — 0.04 + 0.012 
18 390.97 18 391.00 + 0.03 — 0.009 
18392.99 18 393.08 +- 0.09 — 0.027 


18753.65 187 
18757-39 187 
18759.54 


3.68 + 0.03 — 0.009 
7 —0.0I + 0.003 


+ 0.023 


19913.63 19913.38 + 0.063 
19916.78 19917.08 + 0.30 — 0.076 
19918.99 — 0.043 


20119.50 20119.44 — 0.06 + 0.015 
20123.14 20123.14 0.00 0.000 
20125.01 20125.22 — 0.052 


20813.84 ‘ + 0.042 
20817.30 20817.36 + 0.06 0.014 
20819.04 20819.44 + 0.40 0.093 


= — 0.08 
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WAVE- NUMBERS— (continued. ) 


Correspondin 


Wave-number Corrected wave-number Difference | 


20941.31 20941.28 — 0.03 + 0.007 
20945.12 20944.98 — 0.14 + 0.032 
20946.66 20947.06 + 0.40 — 0.091 


21473.88 21473.78 — 0.10 + 0.022 
21477.57 21477.48 — 0.09 | + 0.020 
21479.09 21479.56 + 0.47 — 0.102 


The corrections are throughout within the errors of observa- 
tion. As to the four triplets where the two weaker components 
could not be measured separately, the difference between the 
wave-number of their mean and that of the strongest compo- 
nent ought to be 4.74. But as the two weaker components 
differ in intensity, the measurements do not give the mean, but 
a wave-length nearer to the stronger of the two. From photo- 
graphs of the other triplets where the two weaker components are 
not separated, we concluded that the measurements ought to 
give 4.41 instead of 4.74. They actually give the differences 
4-35, 4.32, 4.15, 3.66. The corresponding corrections of the 
wave-lengths would be 0.007, 0.008, 0.027, 0.078 Angstém 
units. Thus the corrected wave-numbers of the strongest com- 
ponent are: 

21389.59 
21780.13 
21838.22 
22099.33 

The distribution of the thirteen triplets over the spectrum is 
most regular, as may be seen from Plate II]. They form two 
series ending at the same place, similar to the two series of 
triplets in the spectra of magnesium, calcium, strontium and of 
zinc, cadmium, mercury." 

The wave-numbers may be represented with considerable 
accuracy by the formule 


KAYSER and RuNGE, Adbhdl. d. K. Akad. d. W., Berlin, 1891. RYDBERG, 
Svenska vetensk. Akad. Handl., 23, No. 11. 


« 
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where A, B, C are constants and w stands for the values 3, 4, 5. 

. . The first formula is more accurate than the second. In 
both series the triplets decrease in intensity with increasing 
wave-number. But one of the series as a whole is decidedly 
stronger than the other. 


STRONGER SERIES. 


Strongest component, - - 23207.93 —110387.7m-* —4814n-* 
Middle component, - 23211.63 —110387.77- —4814n-° 
Weakest component, - - 23213.71 —110387.7m-? —4814n-° 


} Correspondence 


| Wave-number Wave-number 
calculated | observed Obe.-cale. 
| 
16233.48 16233.52 + 0.04 0.02 
43) 16237.18 | 16237.28 + 0.10 — 0.04 
( 16239.26 16239.38 + 0.12 — 0.04 
q 18753.91 18753.605 — 0.26 + 0.07 
53) 18757.61 18757.39 — 0.22 + 0.06 
18759.69 18759.54 — 0.15 + 0.04 
( 20119.32 20119.50 + 0.18 ~0.04 
65 | 20123.02 20123.14 + 0.12 0.03 
/ 20125.10 20125 oI — 0.09 + 0.02 
( 20941.08 20941.31 + 0.23 — 0.05 
¥ 20944.78 20945.12 + 0.34 - 0.08 
/ 20946.86 20946.66 — 0.20 + 0.05 
{ 21473.72 21473.88 + 0.16 — 0.03 
8 21477.42 21477-57 + 0.15 - 0.03 
21479.50 21479.09 — 0.4! + 0.09 
\ 21838.52 21838.35 — 0.17 + 0.04 
9 + 21842.22 } 
/ 21844.30 is 21842.50d 
( 22099.24 | 22099.71 + 0.47 — 0.10 
10 5 | 22102.94 
22105.02 


yey 


} 
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WEAKER SERIES. 


Strongest component, - 23193.85 —107567.1m-* —63108”-* 
Middle component, - 23197.55 —107567.1”-? —63108n-* 
Weakest component, - 23199.63 —107567.1"-? —63108n-* 
Correspondi 

| Obs.-cal, | difference of 


wave-length 


\ 15484.34 15484.57 — 0.27 + 0.11 
4° 15488.54 15488.25 — 0.29 + 0.12 

/ 15490.62 15490.30 — 0.32 + 0.13 

\ 18 386.30 18387.34 + 1.04 — 0.31 
4 18 390.00 18390.97 + 0.97 — 0.29 

/ 18 392.08 18392.99 + 0.92 — 0.27 

| | | 

\ 19913.71 1991 3.63 | — 0.08 + 0.02 
6 - 19917.41 19916.78 — 0.63 + 0.16 

/ 19919.49 19918.99 — 0.50 + 0.13 

\ 20814.61 | 20813.84 — 0.77 + 0.18 
 -. 20818.31 20817.30 — 1.01 + 0.23 

/ 20820.39 20819.04 — 1.35 + 0.31 

\ 21 389.86 21389.62 — 0.24 + 0.05 
8 - 21393.50 

/ 1395.64  21393-97 

\ 21779.29 21780.17 + 0.88 — 0.19 
21782.99 

/ 21785.07 ) 21784.49 


The first constant has very nearly the same value for both 
series. The difference 14.08 corresponds to 2.6 Angstrom 
units. We may well assume that they really end at the same 
place. According to the notations of Rydberg, and of Kayser 
and Runge, they are, therefore, to be considered as ‘‘ secondary 
series.’ The stronger one we denote as the first, the weaker 
one as the second secondary series. 

Rydberg’s formula 


A-—Bi(n+p)? 
also applies with much the same accuracy as the formula 


A — Bu? — Cn33 


4 
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to represent the wave-numbers of the two series. We find for 
the strongest component 


First secondary series: 23207.96—110396 (#— 0.02148)? 


Second secondary series: 23200.63 — 10g011.3 (#% — 0.24127)? 


The differences between the observed and calculated values 
are, in Angstrém units : 


First Secondary | Second Secondary 

Series. Series. 

— 0.02 + 0.05 

+ 0.07 — 0.15 

— 0.03 + 0.03 
0.04 + 0.13 
0.01 +- 0.04 

+ 0.06 — 0.10 

— 0.02 


Rydberg’s formula agrees a little better with the observed 
values, especially for the weaker series. And the first constant 
differs less for the two series. 

Rydberg has expressed the opinion that a connection exists 
between the second secondary series and the principal series 
(which hitherto has only been found in the spectra of the 
alkalis). It may be stated thus. If 

B (n+ py? (e== 2, 3) 
be the formule for the three components of the second second- 
ary series, m-—2 being the smallest value for which the formula 
is positive, and if the values A, 7,, o,, o,, are calculated from 
the equations 

(1) B(i1+0,)? 

(2) A—B(i+p)? 


then the principal series is given by the formula 


The relative intensities of the three components for a- —1, 2, 3, 
should be the same in both series. If a1 corresponds to the 


| 
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strongest component in the triplets of the secondary series, it 
also corresponds to the strongest component in the triplets of 
the principal series. It follows, therefore, that in the order of 
intensity the components are reversed. For if A,<A,, then 
A—B (1+¢,)* is larger than A—B (1+0,)”. 

To test Rydberg’s suggestion, we calculated the first two 
triplets of the principal series and found the wave-numbers : 


ex's s=3 
Strongest component, 12042.39 24378.72 
Middle component, 12038.69 24377-54 
Weakest component, 12036.61 24376.87 


If we take these calculated values to be only rough approxima- 
tions, we may say that they correspond to the observed triplets 
near 7770 and 3947. These have the wave-numbers: 


Strongest component, 12862.79 25325.59 
Middle component, 12859.41 25324.43 
Weakest component, 12856.65 25323-79 


The differences in the wave-numbers of the components agree 
well enough with the differences of the calculated values to 
ascribe the deviations to errors of observation. In the red 
triplet the two weaker components give too large a difference; 
but this determination has little weight, as it was very difficult 
to see them with a slit narrow enough to separate them. But 
the mean of the two weaker components may be assumed to be 
determined more accurately, and here the distance from the 
strongest component has indeed very nearly the calculated 
value. 

We therefore think that there is strong reason to believe 
these two triplets to be the first two members of the principal 
series. Rydberg’s statements contain an approximation to the 
facts. But the statements are of unequal value. Equation (1) 
appears to be satisfied more closely than equation (2). Equa- 
tion (1) may also be written thus: 
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that is to say, the difference between the limits of the principal 
and secondary series are equal to the wave-numbers of the first 
triplet of the principal series. In this way the law has been 
formulated by Schuster, who discovered it independently, 
without being acquainted with Rydberg’s memoir. It is interest- 
ing to note that the wave-numbers of the three Fraunhofer lines 
that seem to coincide with the lines of the first principal triplet 
show the calculated differences of wave-number more accurately 
than our measurements of the oxygen lines. According to the 
readings in Higgs’ Atlas we obtain the differences 3.69 and 
1.97, while the means of the secondary triplets give 3.70 and 
2.08. The deviation 0.11 corresponds to 0.07 Angstrém unit, 
and lies within the limits of error caused by the inaccuracy of 
the reading. This adds to the evidence that the Fraunhofer 
lines are oxygen lines. 

The final proof that the principal series has been found would 
be given by observing the subsequent members. The next trip- 
let is expected to be contracted to a width of 0.09 A. U. and to 
lie near 3334. The following triplet would then be still nar- 
rower and lie somewhere near 3117. These lines we have not 
found. But it may be that the slope of intensity, which in prin- 
cipal series appears to be steeper than in the secondary series, 
causes our exposures to be insufficient. From the intensity of 
the triplet 3947 we should have expected to find subsequent 
members of the series. 

Besides the series of triplets we have found two other series 
of lines. Probably all these lines are close doubles; for the four 
brightest we have seen double, and we have measurcd the ccm- 
ponents of the brightest of these four. The weaker component 
is on the more refrangible side. We should expect the two com- 
ponents to have the same difference of wave-numbers in all the 
doublets... But we could not confirm it, because the weaker 


cumponents were too weak to be measured. 


SCHUSTER, 55, 200. 


| 
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STRONGER SERIES. 


Wave-number = 21203.19 — 108793 n-2— 39825 n-3. 


, Corresponding 
Wave-length | Wave-number | Wave-number | 

7254.32 13781.36 13781.15 —0.21 +o.11 
6046.56 165 32.87 16533.81 +0.94 —0.35 
§555.16 17996.79 17996. 36 —-0.43 +0.13 
| §29G.17 18866.82 18865.72 —1.10 +0.31 
ou | §146.23 | 19425.52 19426.38 +0.86 —0.23 
5047.88 | 19805.44 19804.89 —0.55 +0.14 
4979-73 | 20075.43 20075.93 +0.50 —0.12 

WEAKER SERIES. 
Wave-number = 21210.98 — 110329.5 m-2 — 2485 n-3. 
| Wave-length Wave- ber | Wave-number 

| | Diference | “dierence of 
7002.48 14276.56 | 14276.78 +0.22 —-0.11 
5958.75 16777.92 | 16777.48 —0.44 +0.16 
§512.92 18134.77. | 18134.27 —0.50 +0.15 
5275.25 18952.11 | 18951.28 —0.83 +0.23 
5130.70 19482.23 | 19485.20 +2.07 —0.78 
5037.34 | 19845.48 19846.31 +0.83 —0.21 
4973.05 20105.20 20102.89 —2.31 +0.57 


Rydberg’s formula for the same series are: 


21205.56 — 109396.7 (# — 0.16191)? 
21211.11 — 110346.7 (#% — 0.01093)7? 


The agreement with the measured values is about the same. 
But it must be stated in favor of Rydberg’s formula that the 
first constant as well as the second differs less for both series 
than in Kayser and Runge’s formula. 

The two series have apparently the same limit and must 
therefore be taken as a second pair of secondary series. It 
seems that there is a second principal series as well. If we cal- 


culate the formula 


‘ 

i 
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A — 109366.7 (a+ ¢)2 


according to Rydberg’s law, from the formula of the secondary 


series 
21205.56 — 109366.7 (# — 0.16191)? 
so that 
21205.56 = 109366.7 (1 + o)? 
and 


A = 109366.7 (2 — 0.16191)? 
we obtain for 7 ~— 1, 2, 3, the wave-numbers 
11165.10 


22148.96 
26375.15 


The first number corresponds to a wave-length in the ultra-red 
part of the spectrum, where observations do not exist. The 
other two numbers are not very different from the wave-numbers 
of the strong lines 4368.466 and 3692.586. 


Wave-number calculated: 22148.96 26375.15 
Wave-number observed:  22885.23 2707 3.96 
Difference : 736 699 


In the first principal series the corresponding differences 
were 820 and 947. We venture to think that these two lines 
belong to a second principal series, although we did not succeed 
in finding the subsequent lines. At the same time it must be 
mentioned that the calculated values are deduced from the 
stronger one of the two secondary series, while according to 
Rydberg the weaker series ought to be taken. 

Plate II] is from a drawing of the six series. They show a 
striking similarity to the six series that make up the spectrum 
of cléveite gas,‘ as they form two sets of three series each, 
each set resembling the spectrum of one of the alkali metals 
In our paper on the spectrum of cléveite gas we had suggested 
that it consisted of two elements corresponding to the two sets 


™C. RUNGE and,F. PASCHEN, this JOURNAL, January 1896. 
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of three series. This inference can no longer be upheld ; 
for the same argument would hold good for oxygen, for the 
duplicity of which there is no chemical evidence. 


II]. SULPHUR. 


One end of the vacuum tube was widened and filled with 
concentrated sulphuric acid. The rest of the arrangement has 
been described above. We heated the sulphuric acid until it 
evaporated and a little of it condensed in and in front of the 
capillary tube. We then waited until the water vapor, generated 
at the same time, was again absorbed and in the meantime gen- 
erated oxygen and drew it through the tube. Immediately 
afterwards a spectrum of sulphur appeared, which so far as we 
know, has not been observed heretofore. It was pure, when the 
tube was recently made with clean material. After a while the 
second spectrum of hydrogen appeared, probably on account of 
organic impurities dissolved in the sulphuric acid. The princi- 
pal lines of the new spectrum, though weak, were also to be 
seen when sulphur was heated in the tube and oxygen added to 
it, and also when hyposulphuric acid was introduced into the 
tube. In these two cases the band spectrum of sulphur prevails 
and it seems that the new spectrum requires the presence of 
oxygen. It is best obtained from sulphuric acid and even then 
it is improved by an atmosphere of oxygen. 


¢ 
| 
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NEW SPECTRUM OF SULPHUR. 
Number 
nations 
4694.357 10 } The differences of the three wave-lengths are 
4695.090 0.03 3 8+! more accurate than the absolute values. 
4096.488 6 \ 
5278.31 3} The differences of the three wave-lengths are 
5278.81 {oot 8 5 more accurate than the absolute values. 
5279.19 
5287.88 I 2 
5290.89 0.03 4 Coincides with an impurity, which is perhaps 
due to oxygen. 
5295.86 0.08 3 4 
5372.82 0.05 6 2 
5375-98 0.04 6 3 
5381.19 0.04 6 4 
5444.58 0.08 2 2 
5449.99 0.05 2 
5498.38 0.05 6 q | 
5501.78 0.03 6 4 | 
5507.20 0.03 6 5 | 
5605.52 | 0.06 4 3 
5608.87 0.03 5 4 
5614.48 0.07 5 5 
5697.02 0.03 6 6 
5700.58 0.02 6 7 
5700.44 0.01 6 8 | 
5879.79 0.03 2 I 
5883.74 0.04 3 2 
5890.08 0.01 2 2 
6042.17. | 0.01 2 5 
6046.23 | 0.05 2 6 
6052.97. | 0.01 2 7 
6173,77 | O.11 2 I 
6176.01 | 0.01 1 
6395.10 | I 
6396.90 I I 
6403.70 | 0.04 4 2 
6408.32 0.02 4 3 
6415.68 0.02 5 4 
6536.55 0.06 r I 
6538.82 0.08 3 I 
6743.92 0.18 3 5 
6749.06 0.08 4 6 
6757.40 0.05 4 7 
7242 2 The limit of error may be as high as 2 Angstr. 


units. 


| 


SPECTRA OF OXYGEN, SULPHUR, AND SELENIUM 85 


The greater part of the lines of this list may be arranged in 
two series of triplets, which show a perfect analogy to the trip- 
lets of oxygen. The differences of wave-numbers of the three 
components of each triplet are again the same for all triplets, as 
far as the accuracy of the determinatian goes. 


TRIPLETS. 
| | 
Wave-length | Wave-number | Difference | Remarks 
6757.40 | 1479458 | 
6749.06 14812.87 
743.92 14824.16 
6415.68 | 15582.57 
6408.32 | 15600.47 
6403.70 | 15611.73 
| 
6052.97 16516.32 
8. 
6046.23 10534.73 
6042.17 | 16545.85 
| 
5890.08 1697 3.07 . 
5883.74 16991.36 
5879.79 17002.78 | 4 
5706.44 17519.28 18.01 
5700.58 17537-29 10.97 
5697.02 17548.26 
5614.48 17806.23 17.81 
5608.87 17824.04 
5605.52 17834.70 F 
5507.20 IS153.09 
5501.78 18170.98 | 
$498.38 18182.22. | 
5449.99 18343.64 18.23 The third component was not seen. 
5444.58 18 361.87 
§381.19 18578.17 
5375.98 18596.18 
5372.82 18607.12 “94 
5295.86 1$877.50 | 
5290.89 18895.24 | 
5287.88 18906.00 


| 

| 

| 
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The means of the differences are 18.15 and 11.13, taking 
account of the weights. We may now correct the components 
of each triplet, so that the corrected wave-numbers show these 
differences 18.15 and 11.13, while their center of gravity remains 
the same. The following list contains these corrected wave- e 


numbers: 


WAVE-NUMBERS. 


Corresponding Mean error 

Difference _ deviation of the 
of wave-lengths wave-length i 

14794.58 14794.63 + 0.05 — 0.02 0.05 

14812.87 14812.73 — 0.09 + 0.04 0.08 

14824.16 14823.91 — 0.25 0.18 

15582.57 15582.45 — 0.12 + 0.05 0.02 

15600.47 15600.60 + 0.13 — 0.05 0.02 

15611.73 I5611.73 0.00 0.00 0.04 

16516.32 16516.45 + 0.13 — 0.05 0.01 § 

165 34.73 16534.60 — 0.13 + 0.05 0.05 

16545.85 16545.73 — 0.12 + 0.04 0.01 

1697 3.07 1697 3.12 + 0.05 — 0.02 0.01 

16991.36 16991.27 0.09 + 0.03 0.04 

17002.78 17002.40 — 0.38 + 0.13 0.03 

17519.28 17519.23 — 0.05 + 0.02 0.CI 

17537.29 17537.38 + 0.09 — 0.03 0.02 

17548.26 17548.51 + 0.25 — 0.08 0.03 

17806.23 17805.84 — 0.39 + 0.12 0.07 

17824.04 17823.99 — 0.05 + 0.02 0.03 

17834.70 17835.12 + 0.42 0.13 0.06 

1815 3.09 18152.96 — 0.13 + 0.04 - 0.03 

18170.98 ISI7I.11 + 0.13 — 0.04 0.03 

18182.22 18182.24 + 0.02 — 0.01 0.05 

1834 3.64 18 343.66 + 0.02 — 0.01 0.05 

18361.87 18361.81 — 0.06 + 0.02 0.08 

18578.17 18578.04 — 0.13 + 0.04 0.04 

18596.18 18596.19 + 0.01 0.00 0.04 

18607.12 18607.32 +020 — 0.06 0.05 

18877.50 18877.15 — 0.35 + 0.10 0.08 

18895.24 18895.30 + 0.06 - 0.02 0.03 

18906.00 18906. 43 0.43 0.12 


The two series appear to be secondary series. We have 
observed six triplets belonging to the stronger series, and only 
four of the weaker one. The wave-numbers are represented by 


the following formule : 
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FIRST SECONDARY SERIES. 


Strongest line : 20086.89 — 109598 m~?— 11355673 
Middle line: 20105.04— 109598 113556 
Weakest line: 20116.17 —— 109598 m~?—— 11355673 


| 


Corresponding 


~ | | Difference | diference of 
( 14794.52 | 14794.58 +- 0.06 — 0.03 
a a 14812.67 14812.87 + 0.20 — 0.09 
( 14823.80 14824.16 + 0.36 — 0.16 
( | 1651678 16516.32 — 0.46 + 0.17 
16534.93 16534-73 0.20 -+- 0.07 
/ 16546.06 16545.85 — 0.21 + 0.08 
( 17519.13 17519.28 + 0.15 — 0.05 
a 17537.28 17537-29 + 0.01 0.00 
/ 17548.41 |  17548.26 | — 0.15 + 0.05 
18152.63 1815 3.09 + 0.46 —0.14 
8 18170.78 18170.98 + 0.20 — 0.06 
( I8181.91 18182.22 + 0.31 — 0.09 
\ 18578.06 | 18578.17 +o0.11 — 0.03 
9 3 18596.21 18596.18 ~~ 0.03 + 0.01 
/ 18607. 34 18607.12 — 0.22 + 0.06 
18877.35 18877.50 + 0.15 — 0.04 
10 - 18895.50 18895.24 | — 0.26 + 0.07 
( 18906.63 18906.00 — 0.63 + 0.18 


The formulae of the first secondary series have been calcu- 
lated by the method of least squares from the wave-numbers 
corrected to equal differences. The formule of the second sec- 
ondary series have been calculated simply from the wave-num- 
bers of the first three triplets corrected to equal differences. 

For smaller values of » the formule of the first secondary 
series give two ultra-red triplets, of whose existence we know 
nothing. The second series also gives two triplets, of which 
one might just be visible being near 7700. We have looked for 
it, but could not detect it. However, it may well have escaped 
our attention, as the eye is not sensitive in this region, and the 
second series is the weaker one of the two. 
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SECOND SECONDARY SERIES. 


Strongest line, 20078.37 108744.5 18268 
Middle line, 20096.52 — 108744.5 2—?—— 18268 n-3 
Weakest line, 29107.65 —— 108744.5 18268 


calculated observed of 
| > > 

( | 15582.45 15582.57 + 0.12 — 0.05 

5 } 15600.60 15600.47 — 0.13 + 0.05 
15611.73 I15011.73 0.00 0.00 

( 16973.12 1697 3.07 — 0.05 + 0.02 

6 ) 16991.27 16991.36 +- 0.09 — 0.03 
17002.40 17002.78 + 0.38 0.13 

( 17805.84 17806.23 + 0.39 — 0.12 

» 4 17823.90 17824.04 + 0.05 — 0.02 
17835.12 17834.70 — 0.42, + 0.13 

( 18343.5 18343.64 + 0.08 — 0.02 
8 ; I8361.71 18 361.87 + 0.16 0.05 


From the analogy with the spectrum of oxygen, we should 
expect a principal series of triplets, for which the differences of 
wave-numbers become smaller for smaller wave-lengths and for 
which the components are in the inverse order of intensity. 
According to Rydberg’s law, found to give a rough approxima- 
tion to the facts in the case of oxygen, we may calculate the 
formulz for the principal series. 

For Rydberg’s form the formule of the second secondary 
series are : 

— 0.07945)~? 
(7% — 0.07945)" 
(2 — 0.07945)~ 


Strongest line, 20078.95 — 108868.5 
Middle line, 20097.10 — 108868. 
Weakest line, 20108.23 — 108868. 


From these we obtain for the principal series : 
Strongest line, 29515.56 — 108868. 
295 


5 5 
Middle line, 15.56 —— 108868.5 (#7 + 0.32747)-? 
5 5 0.32683)? 


Weakest line, 29515.56 — 108868. 
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The triplet corresponding to » = 2 is in the ultra-red, but for 
n= 3 we get 
Difference 
Strongest line, 19689.05 | 
Middle line, 19682.84 | ©-2! 
Weakest line, 19679.05 } 3-79 


In the case of oxygen the values calculated in this manner 
showed only a rough approximation to the observed wave-num- 
bers. The latter were considerably larger. But the differences 
of the three components agreed well with the observed differ- 
ences. Bearing this in mind, it does not seem improbable that 
the strong triplet near wave-length 4695 is a member of the 
principal series: 

Wave-length Wave-number Difference 
Strongest line, 4694.357 21296.32 / 
Middle line, 4695.690 —-21290.27' 
Weakest line, 4696.488  21286.66{ 3-6! 

As we have shown above, Rydberg’s rule of calculating the 
formulz of the principal series may be separated into two equa- 
tions. One of them is only roughly satisfied, while the other is 
in close accordance with the facts. Schuster has formulated it 
thus: the difference between the wave-numbers of the units of 
the principal series and the secondary series is equal to the 
wave-numbers of the first member of the principal series, If we 
neglect the first cquation and keep only the second, we have 
one constant of the formula at our disposal, which we may 
determine to make the observed triplet the second member of 
the principal series. 

Thus we obtain the formulz 

Strongest line, 31123.00 — 108868.5 (#+- 0.32852)? 
Middle line, 31123.00— 108868.5 (#-+-0.32747)° 
Weakest line, 31123.00 — 108868.5 (7-+-0.32683)° 

These give for the following value of » the wave-lengths 

(in air): 

3949-54, 3949-98, 3950.25 
which, however, we have no more been able to observe than the 
corresponding triplet in the spectrum of oxygen. It may be 
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that the intensity in the principal series decreases so rapidly 
that this triplet becomes imperceptible. 

It seems only probable that in the spectrum of sulphur the 
other three series of oxygen should also find their analogy. We 
have, however, not succeeded in finding them. Possibly the 
strong triple line near 5279 corresponds to the oxygen line 
4368. The latter would then also have to be a triplet, but so 
close that it might be rather difficult to separate the components. 
For if we compare the differences of wave-numbers in the trip- 
lets of oxygen with those of sulphur we see that they increase 
about in the proportion of I to 5. If therefore the oxygen line 
4368 corresponded to the sulphur triplet 5279, we would expect 
4368 to be a triplet of one-fifth the width. 


SELENIUM. 


If instead of sulphuric acid we introduce concentrated seleni- 
ous acid" into the vacuum tube and treat it in a similar way as 
described above, there appears a spectrum of selenium, which as 
far as we know has not been observed heretofore. Selenious 
acid must be heated somewhat stronger than sulphuric acid 
before the vapor condenses in the capillary tube and gives a 
bright spectrum. But the spectrum tube keeps better than that 
of sulphur. An atmosphere of oxygen seems to increase its 
visibility in the same way as that of sulphur. Many lines of the 
selenium spark spectrum appear at the same time with the new 
spectrum. This is also the case with oxygen and sulphur. We 
have observed many, though not all of the lines of the selenium 
spark spectrum found by Pliicker and Hittorf. They are not 
contained in the following table. Our attention was principally 
directed to the new spectrum, which mainly consists of triplets. 
Sometimes for short periods this alone was visible together with 
the oxygen and hydrogen lines. But we could not keep the 
tube in this state. For this reason our photographs, which had 


*We concentrated the commercial dilute selenious acid by letting it slowly 
evaporate, so that in, vacuo it did not give off any water-vapor. 


| 
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to be exposed for some time on account of the small intensity 
of some of the lines, do not show the spectrum free from impuri- 
ties. Of the red lines we could only measure the stronger ones. 
The weaker ones are not contained in the following table except 
a few weak lines that are near to measured lines so that their 
wave-lengths could be estimated without micrometrical measure- 


ment. 


NEW SPECTRUM ‘OF SELENIUM. 


| 
Wave-length | 


4731.04 
4739.28 
4742.52 


5305.59 
5370.04 
5374-27 
5464.82 
5497.06 
5528.64 
5618.05 
5052.62 
5666.95 
5700.32 
5703.86 
5705.18 
5718.28 
5718.5 

5752.31 
5753-52 
5827.90 
5843.10 
5866.53 
5878.88 
5907.10 
5909.49 
5925.13 
§925.31 
5901.7 

5962.08 
6121.95 
6135.52 
6138.51 
6177.87 
6266.36 
6269.28 


Number | 
Mean of | Inten- | 
error determi-| sity 

nations | 


Remarks 


} 
| The differences between the wave-lengths of the 
| pcomponents in these two triplets are more accu- 
, rate than the absolute values. 

} 


a 


The distance from the preceding line was esti- 
mated. 


~ 


[ mated. 
The distance from the preceding line was esti- 
The distance from the following line was esti- 

mated. 


° 

& 


| | 
\ 
| 
| 
| 
| 
| 
| 
| 
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NEW SPECTRUM OF SELENIUM (continued). 


Number | 
nations 
= 
6283.54 | 0.06 3 
6284.19 | “3 The distance from the neighboring lines was esti- 
6284.51 | 0.07 | 4 | 3 | mated. 
6325.4 | 1 | The distance from the following line was esti- 
6325.81 | 0.03 | 4 | 6 | mated. 
6679.72 
6699.78 0.06 | § 6 
701.29 0.03 | 2 I 
746.65 0.07 | § 6 
6831.28 0.24 | 3 5 | 
6990.96 | 0.06 | 6 4 | Double ? 
7010.84 | 0.12 | § | 3 | 
7014.24 | 0.09 5 3 
7062.14 0.06 5 5 | 


It is not impossible that some of the weaker lines contained 
in this list belong to the spark spectrum. The greater part 
form two series of triplets which do not appear in the spark- 
spectrum and are similar to the series of triplets in the spectra 


of oxygen and sulphur. 


The constant differences between the wave-numbers of the 
components are not so easily shown as with the two elements of 
smaller atomic weight. It appears that some of the components 
of the triplets are accompanied by weak satellites, and that 
these, not the main lines, show the constant differences of wave- 
number. Something quite similar has been observed with the 
first secondary series in the spectra of calcium, strontium, zinc, 
cadmium, and mercury. The weak satellites are not so easily 
measured, and may sometimes escape the attention of the 
observer. We are therefore disposed to believe that the devia- 
tions from the constant difference of wave-numbers may disap- 
pear with a more complete and more accurate determination of 


the components. 
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TRIPLETS. 
Wave-length Wave number | Differences 
7062.14 14156°17 } 
( 7014.24 14252.84 } 103.56 
7 7010.84 14259.76 | 47-47 
6990.96 d ? 14300.31 J } 40.55 
746.65 14818.15 
{ 6701.29 14918.45 } | 103.66 
1 6699.78 14921.81 48.18 
6679.72 14966.63 } 44.82 
| 
6325.81 15803.95 
( 6325.4 15804.98 | 103.85 
6284.51 1§907.80 | 103.64 
+ 6284.19 15908.62 } 
6283.54 15910.27 | 45.27 
§ 6269.28 15946.45 43.62 
6266.36 1595 3.89 
6177.87 16182.41 102.76 
6138.51 16286.17 } aa 
6121.95 16330.22 ‘ 
J 
§ 5962.08 16768.10 
5901.7 16769.17 | 104.05 
5925.32 16872.15 |} 103.50 
( 5925.13 16872.67 J | 45.18 
5909.49 16917.82 43.66 
5878.88 17005.41 ) 
5843.10 17109.54 104.13 
5827.90 17154.16 } 44.62 
5753-52 17375-92 | 
( 5752.31 17 379.58 102.75 
5718.5 17482.33 103.42 
5718.28 17483.00 | 
5705.18 17523.15 | 
( 5703.86 17527.20 J 44.20 
5700.32 17538.09 
5666.95 17641.37 ) 103.28 
5652.62 17686.09 } 44-72- 
5528.64 18082.66 


5497.06 18186.57 103.88. 


*The third line has not been observed. 
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It is not feasible to correct the wave-numbers so as to make 
the differences constant. For one does not know how to shift 
the weak satellites. Nevertheless, it may be satisfactorily shown 
that there are two series of triplets, as Plate II indicates. 

The satellites are not drawn on account of the small scale. 
The dotted lines are not observed; they merely serve to empha- 
size the symmetry of the distribution. 

In order to show that both series may be represented by 
formulz, showing the characteristics of series, it is sufficient to 
take one line only of each triplet. For the triplets without 
satellites we take the least refrangible line; for the others the 
least refrangible satellite. The formule have been calculated 
from three lines only without the method of least squares. On 
account of the uncertainty of the satellites, it is of no use to 
employ this method. 

First (stronger), secondary series: 


Wave-number = 19266.54 — 108900.67—* — 94293"-3 


Wave-number  Wave-number 


” calculated observed Difference Remarks 

5 14156.17 14156.17 | 0.00 } These three values determine 
6 15804.98 | 15804.98 0.00 - the constants. 

7 16769.17. | 16769.17 0.00 

8 17380.80 17379.58 — 1.22 

9 17792.74 17794.9I + 2.17 

10 1808 3.24 18082.69 — 0.55 
II 18295.69 18293.89 — 1.80 


The fifth wave-number, 17794.91, corresponds to the wave- 
length 5618.05. The other two components would be strong 
enough to be seen, but they are lost in one of the two green 
oxygen bands. It is not unlikely that there is a satellite to 
5618.05. That would explain the unsystematic deviation of the 
formula. The last wave-number corresponds to the wave-length 
5464.82. The other two components of the triplet have not 
been observed. Perhaps the line 5416.94 (intensity 1), wave- 
number 18455.57 (observed once only), belongs to the next 
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triplet. The calculated value is 18455.72. But the line may 
also be an impurity. 


Second (weaker), secondary series : 


Wave-number = 19286.72 — 11 + 


| Wave-number | Wave-number 


calculated observed Difference | Remarks 

5 14818.15 I4818.15 | 0.00 | ) These three values determine the 
6 16182.41 | 16182.41 | 0.00 5 constants. 

7 17005.41 17005.41 | 0.00 

8 17539-75 | 17538.09 | — 1.66 


The smaller values of ” correspond to lines in the ultra-red, 
which have not been observed. The second series has also 
been calculated in Rydberg’s form: 


19286.76 — 111963.9 (# + 0.00556)—* 


If we take the differences of the wave-numbers of two sub- 
sequent components to be 103.71 and 44.55, the other compo- 
nents are represented by the formule: 


19390.47 — 111963.9 (7 + 0.00556)—* 
19435.02 — 111963.9 (7% + 0.00556)—* 


According to Rydberg’s rules, we find for the principal series : 


111963.9 


(2.00556)° — 111963.9 (w+ (a=1, 2, 3), 


where o,, ¢,,¢, have to be determined in such a manner that 
111963.9 + @,)~* assumes the values 19286.76, 19390.47, 
19435.02. 

We find in this way : 

Strongest line, 27835.99 — 111963.9 (7 + 0.409403) 

Middle line, 27835.99 — 111963.9 (#% + 0.402951)—? 

Weakest line, 27835.99 — 111963.9 (# + 0.400195) 

For x2 the lines are in the ultra-red, but tor »=3 we 
obtain: 
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Difference 


Strongest line, - - - - 18203.99 aos 
Middle line, - - - - 18167.32 pap 
Weakest line, - - 18151.64 


We expect these absolute values to be only rough approxi- 
mations, but the differences we should expect to be in close 
accordance with the facts. 

In the spectrum of oxygen and sulphur the observed wave- 
numbers of the corresponding triplet were considerably larger 
than the calculated values. Therefore we think it very likely 
that the strong triplet near 4740 is the triplet in question. We 
have: 


Wave-length Wave-number Difference 
Strongest line, - - - 4731.04 21131.19 
Middle line, - - - 4739.28 21094.42 36.77 
Weakest line, - - - 4742.52 21080.05 14.37 


The differences are in good accordance with the expected 
values and so are the intensities. The strongest line and weakest 
line have reversed their position, as should be the case, the 
strongest component in the principal series now being the most 
refrangible, while it is the least refrangible in the secondary 
series. We have not observed further members of the principal 
series. The next triplet would be expected near 4000. The 
differences of the wave-lengths of the components would have 
to be about 2.7 and 1.2 Angstrém units. If the assumption of 
the principal series is correct, the intensity would have to 
decrease very rapidly to cause this triplet to become impercep- 
tible. 

Whether the strong selenium triplet near 5370 corresponds 
to the oxygen line 4368 and the sulphur triplet near 5280 we 
cannot say. Its position makes it seem probable. But we should 
expect.the components to be closer to one another and the 
relative position of the components is not similar to that of the 
components of the sulphur triplet near 5280. 

Comparing the three spectra of oxygen, sulphur, and selen- 
ium, there are a few features that force themselves on our atten- 
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tion. The differences between the wave-numbers of the three 
components are the smallest in the spectrum of oxygen and 
the largest in the spectrum of selenium. They increase with 
increasing atomic weight, roughly proportional to the square of 
the atomic weight. 


Square of atomic weight 


Didevence of Atomic divided by difference of 
wave-numbers weight 
wave-numbers 
O, - - 3-70 and 2.08 16 69 and 123 
Ss, - . 18.15 and 11.13: 32.06 57 and 92 
Se, - - 103.7 and 44.6 79.07 60 and 140 


The same thing has been observed with the doublets in the 
spectra of the alkali metals and with the triplets in the spectra 
of magnesium, strontium, calcium, and of zinc, cadmium, and 
mercury. 

On the whole the spectrum of selenium consists of lines of 
longer wave-lengths than that of sulphur, and this again of 
longer wave-lengths than that of oxygen. The greater atomic 
weight corresponds to slower oscillations. The same has been 
observed in the spectra of other groups of chemically related 
elements. 

We tried in vain to produce the spectrum of tellurium in the 
vacuum tube. We introduced telluric acid, which Professor 
Seubert was so kind as to make for us, into the vacuum tube 
and treated it as we had treated the sulphuric acid and the 
selenious acid. But it appears that the temperature to which we 
could expose the evacuated glass tube was not high enough to 
evaporate the telluric acid and make it condense in the capillary 
tube. At all events we did not discover any lines belonging to 
tellurium. 


ADDENDUM, 


For the determination of the red lines in the three spectra 
we have used argon lines as standards. But as the red argon 
lines have not hitherto been determined accurately enough, they 
had first to be measured. We have determined their wave- 
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lengths by measuring their position relatively to the lines of the 
solar spectrum that are contained in Rowland’s list of standard 
wave-lengths. An image of the Sun was thrown on the slit 
alternately with the light of the argon vacuum tube, care being 
taken that each time the same part of the slit was illuminated 
and that the whole ruled surface of the grating was filled with 
light. The distances of the lines were measured with an Abbe 
comparator, on the movable part of which we fastened a micro- 
scope of low power. Ina similar way the wave-lengths of the 
red oxygen, sulphur and selenium lines were measured with the 
argon lines as standards. We also determined the wave-lengths 
of argon with a small, flat grating on a spectroscope of the old 
type by measuring the angles through which the grating is 
turned to bring the different lines on the cross hairs. These 
measurements, however, have only small weight compared with 
the measurements with the concave grating. 

A number of weaker argon lines have occasionally been 
measured without having been used as standards. They are 
included in the following list and may be distinguished from the 
lines used as standards by the omission of their mean error, 
which we suppose to be somewhat larger than the mean error of 
the lines used as standards. The different determinations have 
been made on different days. The lines marked 7 (red) we have 
observed to disappear when a spark gap is interposed in the cir- 
cuit. They belong to the red spectrum of argon exclusively. 
The lines marked x and 6(red and blue) we have observed to 
remain when a spark gap is interposed. The lines marked 6 
(blue) were seen only with a spark gap. They belong to the 
blue spectrum exclusively. This latter class has not been meas- 
ured accurately. Nevertheless we include them in the list. The 
intensity is estimated by the numbers I to 10, the larger number 
signifying greater intensity. In the fifth column we give the 


wave-lengths as they were determined by Kayser. 
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LINES OF ARGON. 


| 
Wave- en- a | 
length | | Kayser Remarks 
| nations 
5860.54 | 5860.6 r | Eder and Valenta: 5860.69 
5864.29 
5870.52 
5880.41 < 
5882.88 | §882.78 r | Eder and Valenta: 5883.03 
5888.79 4 | 0.011 | 5888.93r | Eder and Valenta: 5889.02 
5897-75 < 
5900.7 
5904.09 
§912.31 4 0.014 | §912.22r | Eder and Valenta: 5912.48 
5916.84 


5920.04 
5920.33 


AA 


| 
3 0.015 | | Eder and Valenta: §928.61 


5927-34 

5929.06 3 0.015 | 5928.5 r 
5941.08 

5942.92 3 0.02 | 5943.5r 
5949.47 

5960.78 


5964.70 
5968.58 


5971.91 2 0.002 

5982.22 

5987.61 2 0.003 | 5987.5r | 

5994.99 

5999.2 2 | 0.01 5999.5 r 

6005.95 2 | 0.02 

6011.59 

6013.94 2 0.00 | 6013.6r 

6015.40 < 

6017.00 

6025.40 4 0.014 | 6025.8r | 

6032.39 4 0.017 | 6031.5r | Double? Eder and Valenta: 5860.69 
6035.49 

6040.46 

6043.48 4 | 0.02 | 6043.0 r Eder and Valenta: 5928.61 
6052.96 3 ; OO: 6052.7 r 

6059.62 7 4 | 0.02 | 6059.5r 

6004.93 3 2 0.02 

6067.48 <I 

6075.20 <4 | Double? 
6081.50 2 | 

6085.90 I 

6090.97 4 3 0.06 | 

6093.44 I 

6096.09 I 

6099.03 6 4 0.016 | 6098.8 r 

6101.33 3 3 0.03 

6104.71 | 3 


+ 
tN 


6105.87 | | 6106.1 | 
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LINES OF ARGON (continucd). 


Number 
of | 
different | 
determi- 
nations 


Mean 


errors Kayser Remarks 


6113.55 
6115.05 
6119.74 
6121.93 
6123.8 

$125.96 
6127.57 
6129.02 
6134.12 
6135.63 
6139.1 

6143.16 
6145.64 
6155.46 


6197.30 
6199.44 
6212.73 


6216.14 


6224.85 
6230.96 
6235.99 
6238.58 
6240.5 

6243-45 
6248.65 
6259.58 
6266.70 
6278.80 
6297.15 
6299.01 
6307.91 
6309.36 
6334-24 
6365.02 
6369.74 
6334.89 
6402.21 


A 


A 


AAAA 


A 


A A A 


A 
/\ 


| 
| 
| 


to 
© 
oO 


6114.1 b 


6140.9 b b 


0.014 6145.0r 
0.014 6155.2 


b b 
4 0.03 | 6172.9r rand b 


° 


6212.5 
6215.0 b 


3 0.01 
6217.5 r 


b 
6243.7 b b 


4 0.012 6296.8 r 
| Doubtful ? 


4 0.003 6307.8 r 


Uncertain. 


6368.0 r 
4 0.04 6384.5 r rand b 


| 
length | sity 
| 
b | 
4 0.03 
|_| 
6159.60 
6161.68 
6165.30 
6170.39 4 0.035 6170.3 Fr 
6173.32 | 
6179.50 | 
6183.12 | 
6186.52 
6189.5 b 
6194.25 
| 
} 
i< 
—— 
| | 
| | | 
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LINES OF ARGON (continued). 
Wave- 
length | (different! | Kayser 
nations | | 
6416.54 8 4 0.014 | 6415.2r rand b 
6431.77 3 
6400.05 3 
6481.17 2 
6483.6 3 6482.8 b b 
6494.10 2 
6513.87 I 
6538.43 3 3 0.04 rand b 
6605.05 4 3 0.01 
6615.2 <I b 
6632.07 I 
6638.7 2 6638.6 b b 
6640.5 I b 
6644.3 3 6644.2 b b 
6060.92 3 
6664.27 3 r 
6677.61 6 4 | 0.05 | 66765r randb 
6679.01 
6682.7 2 | 6684.2 b bd 
6684.95 <I 
6699.06 3 r 
6719.33 2 
6753.15 5 4 0.02 6752.7 r rand b 
6756.58 I 
6760.97 I r 
6786.5 r 
6827.85 <I 
6871.56 4 5 0.02 6870.6 r r and b (weak) 
6880.26 I 
6888.83 I 
6937.99 2 3 0.04 | 6937.8r r and b (weak) 
6965.81 6 4 0.05 | 6964.8 r r and b (weak) 
7030.54 2 2 0.03 7029.2 r r and b (weak) 
7067.54 5 4 0.03 7000.6 r rand b 
7068.83 1 
7147.30 I 3 0.08 | 7140.8 r r 
7273.04 2 3 0.08 | 7271.6r rand b ? 
7384.22 2 2 0.05 | 7383.9r rand b 
7594.5 3 |} 7§03.4r rand b? 
| 7515.4 I | 7515.1 r rand b 
7636.2 I | 7635.60r r 
739) s jave- ths e y ro 
7952 / much as 2 A. U, 
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NOTES ON THE CONCAVE GRATING. 
By S. A. MITCHELL. 
I, FUNDAMENTAL FORMULA. 


THE general theory of the concave spherical grating has 
been investigated by Rowland (Phil. Mag., 16, 1883; and Amer. 
Jour. Sct. (3), 26, 1883); by Glazebrook (Phil. Mag., 15, 1883); 
by Mascart (Jour. de Phys. (2), 2, 1883); by Baily (Phys. Soc. 
Proc., 5, 1883); and by Kayser (linkelmann, Handbuch der Phystk, 
p. 408). 

The following treatment is one which starts from a general 
condition, true for every form of grating ruled with equal spaces 
along a chord. By introducing the condition that the form of 
the grating is the section of a sphere, the general equation of 
the concave grating is obtained. 

From the general theory of gratings (Lord Rayleigh, ‘Wave 
Theory of Light,” § 14, Ency. Brit., p. 437; and Kayser, Hand- 
buch der Physik), we know, if we have a grating ruled with equal 
spaces on any surface, that 


A= (sin y+ sin p). (1) 


where @ is the grating space, V the order of the spectrum, ¥ 
and mw the angles which the incident and diffracted light make 
with the normal to the surface at any point, and A is the wave- 
length. 

That is, in Fig. 1, if Zis the radiant point, and a cone of 
rays from Z falling on the surface of the grating GOT at 7 is 
brought to a focus at Z’ by any means (if the grating is plane 
a lens will be necessary), then A is the wave-length of this 


light. 
The above equation may be written: 
‘ Nx 
(sin y+ sin p) = (2) 
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Fic. 1. 


If now we allow the point P to move in the plane LoL’, 
along the surface QO7, so that the angles which the incident 
and diffracted light make with the normal to the surface are 
now (y + 6y) and («+ 64), then a new wave-length (A + 6A) 
will be brought to a focus at Z’, so as to satisfy the equation 
NA 8(NMA) 


(3) 


Developing each term by Maclaurin’s theorem, and subtract- 


sin (y+ 8y) + sin (u + 8p) - 


ing (2), we get 
cos — sin + cos pd — sin wb p? = 8 (VA) (4) 


in which we neglect quantities of a higher order than the second. 
Hence, introducing an independent variable ¢, we get: 


ay ad 4) dp 
co siny $+ oma dé dob 
1 @(.VA) 
db 


This equation gives the change in wave-length due to a 
change in the angles of incidence and diffraction. 

If now the surface is spherical —the case of Rowland’s con- 
cave grating — O is the “center of the grating,” C the center of 
curvature, CP is normal to the surface at P, and the line CF is 
the radius of curvature p. Then the angle LPC is equal to y, 


| 
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L'PC is equal to w, and putting OCP and OMP equal respec- 
tively to ¢ and @, we see: 
»=—0'—¢; 
ay ad 6 ap ao’ 
Calling the distances and L’P respectively and we 
see that by letting fall perpendiculars PR and PR’ on LQ and 


and hence, 


L’ Q respectively that 
PR=pdocosy=—R 


pcoosy 
Hence 
dy pcosy 
(7) 
Similarly, dé 
Substituting these values of dé and qq im equation (5) 
we get: 
cos — + cos — ') (8) 


1a(NX) I p cos y pcos p 
sin — 1} + sin ( ') 

o de R ) + sin» \ 
which equation is true to terms of the order d¢’. To havea 
perfect focus for waves of length A at Z’, this change in wave- 
length due to a change in the angle @ must be zero, or in other 


words i =o. Light of wave-lengths which are whole multi- 
ples of A will also be brought to the same focus at 1’, since 
— etc. 
lod 
NA) 


Hence making -==0, and neglecting infinitely small 


dob 


quantities of the first order (dq), we get: 


cos y + cos O ( 9) 
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It may be noted that the omitted term contains as a factor: 


Equation (g) may be put in the form 


R r p 
whence we get: 
Rp cos’ p 


(12) 


R (cos y + cos p cos? 


This is the equation of the curve on which the spectra are 
brought to a focus. In this, the center of the grating is the ori- 
gin, the line passing through the center of curvature is the axis 
of reference, R and y the coérdinates of the source of light, r 
and mw the coérdinates of the spectral line. 

This is the same equation as derived by Rowland (doc. cit.). 

Further, we see that equation (11) is satisfied by making 
R=pcos y, r=p The same_ substitution makes the 
omitted term, viz. (10), vanish. Consequently, if the condi- 
tions R=p cos y, r=p cos mw are satisfied, formula (12) is true 
to terms of the second order. (See Kayser, /oc. cit.) This 
condition is secured automatically in ‘* Rowland’s Mounting,” 
where R=p cos y,“=0. Therefore r=p. (See Ames, Johns 
Hopkins Circulars, May, 1889.) 

This mounting consists in having slit, grating, and camera at 
the vertices of a right angled triangle, the camera being placed 
at the center of curvature of the grating. 


II, ASTIGMATISM. 


One of the most important properties of a concave grating is 
its ‘‘astigmatism,” 7. ¢., the fact that a point of lighf as a source 
gives rise to a focus, not a point, but a line. The advantages 
arising from this fact, as pointed out by Ames, (Joins Hopkins 
Circulars, May 1889) are: 

1. A narrow spark at the slit is broadened out into a wide 
Spectrum. 
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2. Greater accuracy in comparing metallic and solar lines. 

3. No ‘dust lines,” as they are brought to a different focus. 

4. A spectrum is obtained which is broad enough to stand 
enlarging. 

Although this property has always been recognized, no for- 
mula giving the amount of the astigmatism has ever been pub- 
lished, at least to my knowledge. This quantity is therefore 
deduced in the following pages. 


/ 


Fic. 


to 


In Fig. 2 let D be the position of the point of light at the 
slit situated at a distance X from the center of the grating O; 
AB is the spectral line under consideration, which is conse- 
quently parallel to the lines of the grating, and is situated at a 
distance ry from the center of the grating; C is the center of 
curvature; C O is the radius of curvature p. <A, O, C, and D lie 
in a horizontal plane. 

Let P O be a vertical section of the grating, 7. ¢., parallel to 
the lines of the grating. A small pencil of rays from the slit D 
falling on the grating at Ois brought to a focus at dA; a small 
pencil from Z falling on the grating at P is brought to a focus 
at B. It is‘our problem to find the length of A 4, assuming AB 
to be perpendicular to O A. 

Call dAB=C, PK=Z, where PK is the perpendicular let 
fall from P on the radius of curvature OC. 


Since OK is a very small quantity compared with the other 


quantities considered : 
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2p’ 
Z* 


AK = r—— cosp. 
2p 


Ca = and 


BP? = AK*+ (KP+A By. 
2 7 2 
Cos my + (Z + CY 

If we neglect terms of a -higher order than the second we 
shall have: 


=(r— 


BP r— corp + 
p 


27 


Similarly we shall have: 


Z 
DP=2 


But since the point of light at D and the focal line AB are 
true foci, the differences in paths of rays falling at P and at O 
must be zero. Hence 


(40+ D0)-(BP+DP)=o 


cos y I I 
+S 
Solving we get: 
C= z): (14) 


Twice this value will give us the length of the line, which is 
parallel to the lines of the grating, when we have a point-source of 
light at the slit. But in practice the illuminated portion of the 
slit, placed parallel to the lines of the grating, is of some finite 
length 2 4, where @ is the length of the illuminated portion of the 
slit above the horizontal plane. To find the length (c’) of the 
lines of the spectrum due to this, we have merely to apply the 
ordinary equation for finding the magnification due to a con- 
cave mirror: 


| 

or C’ =— 
| 
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Adding this to the value from equation (14) we find half the 
length of the spectral lines : 


R 
Where Rowland’s mounting is used the photographic plate 
is at the center of curvature, and kence 


R = pcos y. 


Substituting these values in the above equation we get 


Taking the special case when y= 0, the image of the slit 
coincides with the slit itself, and hence C, = — 6. Whence we 
see that the positive sign before the radical must be used. 
Hence 

b sin? 


cos ¥ (15) 


cos Y 

From this equation it is seen that the astigmatism depends 
only on the length of the slit, the length of the ruled lines of the 
grating, and the angle which the source of light makes with the 
axis of the grating. Astigmatism is zadependent of the radius of 
curvature. 

In this formula C, is half the length of the spectral line, 4 is 
half the length of the illuminated portion of the slit, Z is half 
the length of the ruled lines of the grating. The angle y¥ is 
computed from the wave-length by the formula: 


A= W which for the case of Rowland’s 
mounting, where w = 0, reduces to 
A= si 
—siny. 
x” * 


Measuring the lengths of the lines of the spectrum formed 


by the large concave grating spectroscope used in the Johns 


| 
| 
| 
| 
| cos COS | 
| | 
| 
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Hopkins University, we get the following table, giving the 
lengths measured and those computed from the above formula. 
The width of the spectrum was measured by holding a scale in 
front of the camera box and observing by means of an eyepiece 
held in the hand. 

The grating has a radius of curvature of 21%.5, is ruled with 
20,000 lines to the inch, and has a ruled surface of 2” by 5'".66. 
The length of the slit used was 3™". In the following table the 
first column gives the line of the spectrum, the second the wave- 
length (A), the third the order of spectrum (V),the fourth the 
value of y, the fifth the computed length of the spectrum line 
A, and the sixth its observed length. 


Line A | WN Y Computed | Observed 
4102 1 | 18°50'38’ 6 6mm 
4308 I 19 49 44 6.5 7 
4861.5 I 22 30 25 8 9 
5184 1 | 24 5 28 8.5 il 
_ eee ee ee 6767 I 32 11 50 | 13 19 
4102 2 40 14 22 | 21 29 
4308 2 | 42 43 14 24 32 
4861.5 2 49 57 34 46 


Special case—When the concave grating is used directly as 
a star spectroscope, the source of light is at infinity, and the 
slit-length is zero. In this case the fundamental equation (12) 
reduces to 

p COS* p 
"Cos y + COS 

Hence, making and giving this value, equation (14) 
reduces to 


C= —22Zsin’ 
2 


The grating is used as a star spectroscope in two ways, 
either the photographic plate is in the axis of the grating, when 
#0 for the center of the plate, or the photographic plate is 
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placed so as to make y-—0, 2. ¢., the light falls normally on the 
grating. 

In the present work, with the direct grating spectroscope (see 
Poor and Mitchell, ‘The Concave Grating for Stellar Photog- 
raphy,” this JouRNAL, March 1898), the large grating used had a 
ruled surface of 2" by 534. The whole spectrum in the second 
order subtended an angle of about 6°. The grating was used in 
such a way that »-—0, at the center of the plate; and conse- 
quently for a variation of 3° in mw, the astigmatism amounted at 
most to 0'".003. 

If the light (in the other method of using the grating) falls 
normally on the grating, 7. ¢., if y= 0, then w is about equal to 
15°, and so the astigmatism amounts to about 0.07. 

Hence the grating used directly as a star spectroscope gives 
a spectrum which is exceedingly narrow. 


III, FOCAL LINES. 
By treating equation (13) 


—- 
2 


p r 2r 
in a slightly different way, some interesting results are obtained. 
The equation gives the position of the focus conjugate to a point 
source; C will be zero for either of two conditions: 
cos y + cos pe I I (16) 


or 
p R r 


That is, under either of these conditions, the focus is a point, 
not a line. 

The meaning of equation (16) will be better understood if 
we regard the grating from another standpoint. Using the 
grating in the ordinary way, a cone of rays falls obliquely on its 
surface, and is diffracted and brought to a focus in a spectral 
line. 

Thus we may consider the grating as some sort of a mechan- 


ism which changes a pencil of rays falling obliquely on the grat- 
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ing into a pencil leaving at some different angle. This action 
may be considered in two ways, according as we take a meridian 
section of the grating, z. ¢., a section passing through the two 
focal points and the center of the grating; or, as we take an 
equatorial section, @. ¢., a section of the grating at right angles 
to this. The equations of oblique pencils refracted at a spherical 
surface of a medium whose index of refraction is f have been 
fully treated and discussed by Czapski (Winkelmann, Handbuch 
der Physik, 2, 85, 86); and by Rayleigh (Eucy. Brit., 14, 800, art. 

These equations give the position of the focal lines for a 
meridian section and for an equatorial section. They are: 


cos’ y cos* p cos y — COs 


R (17) 


I _ cos y— COS 


(18) 


where RX and &’ are the distances of the radiant point from a 
point in the meridian and equatorial sections respectively, 7 and 
r’ are the distances of the focal lines from the same point of the 
surface, p is the radius of curvature, y and mw are the angles 
which the incident and refracted rays make with the normal at 
the surface. 
Applying this to the case of the concave grating by putting 
p= — I, we get 
cos’ y cos* cos y — COS 
I I cos y COS 


Equation (19) fixes the positions of the radiant and focal 
lines for a meridian section; equation (20), the position for an 
equatorial section. As the grating is generally used, the merid- 
ian section becomes a horizontal one, the equatorial section a 
vertical one. Thus equation (19) means that, if we use a hori- 
zontal section of the grating—a section perpendicular to the 
lines of the grating—we get the position of the conjugate foci; 


S. A. MITCHELL 


a vertical line at the slit with codrdinates R and ¥ is brought to 
a focus on the photographic plate in a vertical line whose codrdi- 
nates are y and w. This is the same equation as Rowland’s. 
Equation (20) (which is identical with equation (16) gives the 
position of the radiant and focal lines using a vertical section of 
the grating, 7. ¢., a section parallel to the lines of the grating. 
This equation is satisfied by making r’=p sec uw, R’=p sec 7; 
or making (as in Rowland’s mounting) by R’= 
psec y. From the theory of these focal lines (see Ency. Brit., 
loc. cit.) we see that corresponding to a point-source this focal 
line is horizontal, and conversely. Consequently, using a hori- 
zontal slit at a distance psec y, and the angle y from the grating, 
light from it, after passing through the vertical slit, will be brought 
to a focus in a point in the spectrum. This fact is shown by 
placing the source of light at some distance in front of the slit 
(z. ¢., away from the grating), and by placing an obstacle, for 
example a knitting needle, horizontally in front of the vertical 
slit and distant p sec y from the grating. Doing this, we 
shall get a sharply defined horizontal line running across the 
spectrum. (See Sirks, Astronomy and Astro-Physics, 13, 1894.) 


JoOHNs HopkKINs UNIVERSITY. 
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THE HYDROGEN ATMOSPHERE SURROUNDING THE 
WOLF-RAYET STAR D. M. + 3023639. 


WHILE examining various star spectra with the 36-inch refractor on 
the night of June 28, I was much interested in confirming Professor 
Campbell’s discovery of a hydrogen envelope around the Wolf-Rayet 
star DM. +-30° 3639.’ With the collimator adjusted so that the spec- 
trum was linear at //B, and with the slit wide, the HB line appeared as a 
circular, fairly well defined disk, which narrowed to a fine line crossing 
the linear star spectrum when the slit was closed up. 

That this appearance is not an illusion of any kind produced, for 
example, by irradiation, is proved by the following experiments. 
(1) When the the spectrum is made linear at the blue band A 4652, 
which is nearly as bright as #/B, no such appearance as that described 
above is observed. ‘The band is reduced to a mere line coincident 
with the star spectrum. This band is not much narrowed by closing 
the slit. (2) With the collimator adjusted so as to make the spectrum 
linear at 7B and with the slit narrow, the star can be thrown off the slit 
by slightly displacing the telescope in declination, so that the con- 
tinuous spectrum disappears. The short and narrow /B line remains 
visible, however, until the slit is displaced by more than the radius of 
the hydrogen envelope. This latter experiment, in particular, seems 
to be conclusive as to the reality of the observed phenomenon. 

With a large reflector I think that this hydrogen envelope could be 
observed visually without a spectroscope, perhaps with the aid of a 
piece of blue glass. With a refractor the small disk is confused with 
the circles of chromatic aberration when the focus is adjusted for A. 

The existence of such an extensive hydrogen envelope around a 
Wolf-Rayet star has an important bearing on theories of bright-line 
stars, as Mr. Campbell has already pointed out. 


James E. KEELER. 
LICK OBSERVATORY, 


July 6, 1898. 


1A. and A., 12,913, 1893; A. N., 3200. 
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NOTE ON PROFESSOR WILSING’S ARTICLE ON THE 
EFFECT OF PRESSURE ON WAVE-LENGTH.' 

J. WiLsinG has pointed out that radiation from a vibrator has the 
additional effect of lowering the natural frequency of vibration. In 
the case of a circular disk, backed by a spring and vibrating in air, we 
have the equation of motion ready to hand (Lord Rayleigh’s Sound, 


2, 196). 


Here o is the density of air. 
M is the mass of the disk. 
a is the velocity of sound. 
RF is the radius of the disk. 


This may be written, in Wilsing’s notation : 


where _ 
3M 
om fp? 
2A => — 
2a M 


Now 6/,, the shift of the line due to radiation, is of the order y /. 
Furthermore, there is a widening 5f, due to the accompanying 
damping. ‘The half-width of the line is of order A. 


But orp hs 
3M 
_8 wpR 
2a 


This is of order A: A, where A is the length of the emitted waves. 

Now the diameter of a molecule is small compared with the wave- 
length of visible light. ‘Therefore, if we can regard the acoustical 
analogy as pertinent, we should expect that the effect of radiation in 
shifting a spectrum line will be great compared with its effect in 


widening the line. 
CHARLES GODFREY. 
TRINITY COLLEGE, CAMBRIDGE, 
July 7, 1898. 


JOURNAL, May 1808. 
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THE NOVEMBER METEORS.' 


On the night of November 13, 1897, ninety-one meteors were 
observed at the Harvard College Observatory, and forty-seven meteors 
at an auxiliary station twelve miles south, the Blue Hill Meteorological 
Observatory. A discussion of these observations by Professor W. H. 
Pickering will be found in the Anna/s of this Observatory, Vol. XLI, 
No. 5. A much greater display of meteors is expected next year, and 
it is very important that a continuous watch should be kept during 
the two or three days in which the Earth is passing through the denser 
portion of the meteor stream. This can only be done by establishing 
a series of stations in various longitudes, so that during the entire 
time one or more of these stations shall fulfill the conditions that the 
radiant point shall be above the horizon and the Sun below. Corre- 
spondence is invited with astronomers and others willing to partici- 
pate in this work, especially with those who will be in the less fre- 
quented longitudes. If the weather is favorable, and the plan here 
proposed is carried out satisfactorily, it is expected that all the obser- 
vations will be discussed here, and published in the Anmna/s of this 
Observatory. To secure the best results a uniform plan of work is 
essential. Maps and forms of record will be sent to all who early 
signify their readiness to take part in this work. The radiant point of 
the meteors indicated by the cross in the accompanying map, will not 
rise in this latitude until 10" 30", and twilight will interfere at about 
5" 30" in the morning. As the shower sometimes begins before the 
predicted date, a watch should be kept on November 11 and 12, 
from 11 to 1 o'clock, and if many meteors are seen the observations 
described below, for November 13, should be made on these nights, 
and also on the nights following the shower. 

Each observer is requested to devote his attention to the region 
within 25° of the radiant point, and included in the map, and to send 
the following data regarding his observations: Name of observer, 
location of station, post office address, time of beginning and ending 
of observations, interruptions by clouds or other causes, condition of 
sky, as clear, hazy, passing clouds, etc. 

The observations most desired are those required to determine 
the frequency of the meteors. They are of extreme simplicity and 


* Harvard College Observatory Circular No. 31. 
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need only care, system, and perseverance. Once an hour, or better 
once every half hour, observe and record the time during which ten 
meteors appear. This is most easily done by noting the time by a 
watch and at exactly the beginning of a minute looking at the sky, 
giving it undivided attention and counting the meteors seen, not 
including those appearing outside of the region covered by the map. 
If great numbers of meteors appear it may be better to count a larger 
number, as twenty, or even fifty. If the interval between the meteors 
is long, the number to be counted may be reduced. ‘These observa- 
tions should be repeated until dawn, or over as long an interval as 
possible. Between these observations the observer may rest, or may 
make special observations of individual meteors. ‘Thus, when a 
meteor is seen, record the hour and minute, the brightness on a scale 
of stellar magnitudes,— 2, equals the brightness of Jupiter or Sirius; 
o, Arcturus or Vega; 2, the Pole Star; 4, the Pleiades; 6, the faint- 
est star visible; the color, B==blue, G= green, Y= yellow, W 
white, and R=red ; the class, L = Leonid, if path prolonged would 
pass through center of map, N = other meteors. Thus L 5 Y, 12" 26", 
indicates that a Leonid, magnitude 5, yellow in color, was seen at 
12" 26". Find by trial beforehand how many seconds are required to 
make each record. Again, the path of each meteor may be marked 
upon the map by noting its position in relation to the adjacent stars. 
Such work can be done equally well elsewhere, and should not inter- 
fere with the hourly count mentioned above. 
EpWAKD C, PICKERING, 
May 30, 1898. 


STARS HAVING PECULIAR SPECTRA.' 

A List of stars having peculiar spectra is given in the annexed 
table. With one exception, noted below, they were all discovered by 
Mrs. Fleming in her regular examination of the Draper Memorial 
photographs. The designation of the star, its approximate right 
ascension and declination for 1900, its catalogue magnitude, and a 
brief description of its photographic spectrum are given in the suc- 
cessive columns of the table. When the object is not a catalogue star 
its position, as derived from a photograph, is given in the notes fol- 
lowing the table. 


' Harvard College Observatory Circular No. 32. 


| 
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Designation |R.A.1g00\ Dec. 1900 | Mag. Description 
h m 
54-2 | — 75° 32 | Type III. Hydrogen lines bright. Variable. 


+ 11° 305 2 96|)/+ 11 47 | 8.9 Type IV. 
A.G.C.4042 | 3 35.2, —55 43 | 82 | Type ILI. Hydrogen lines bright? Variable. 


Kiel wer sues | 4 §2.0/—67 6 | .. | Gaseous nebula. Gal. long. 244° 36’, lat. 
3s 
Z.C.5" 418 | § 12.3} — 47 85 | Type ILI. Hydrogen lines bright. Variable. 
-12° 1453 | 6 17.1|—12 56 9.6 Gaseous nebula. Gal. long. 188° 54’, lat. 
1’. 
—12°1500 | 6 23.7;—12 59 | 7.7 | Type I. HB bright. 
+5°1267 | 625.2'+ 5§ 57 | 7-1 Type I. 4B bright. 
— 8° 1467 6 28.1 — 8 48 | 8.5 | Peculiar. Variable with small range. 
+ 6° 1309 6 32.0 + 6 14! 6.5 | Typel. 4B bright. 4. P. 1250. 
7 13-9|—13 3] .. | Type V. Gal. long. 195° 30’, 1° 11’. 
— 3° 1873 | 7 4 9.2 | TypelV. 
—11° 1941 | 7 22.4|—11 321 | 8.9 | Peculiar. Variable. 
—17° 2442 8 15.2; —17 57 | 9.1 | Type IV. 
9 6.1 —69 32! .. | Gaseous nebula. Gal. long. 253° lat. 
— 14° 50’. 


3-§| —65 49] .. | Type IV. Variable. 
+ 60° 1246 Io 8.3 +60 31 | 6.3 | Type III. Peculiar. Variable. 
A.u.C. 14145) 10 17.2} —55 33] § Type I. HB and //y bright. J Velorum. 
A.G.C. 14686) 10 40.1, — 59 7 Type I. bright. 


10 42.6,—65 5] .. | Type IV. 
129 | 11 2.9); —54 35 | 9 Type IV. 
§5.3|—54 33]| .. | Type lV. 
—4 3199 II 59.6;— § 13 | 8.7 | Type II. Variable. 
13 26.8|—61 48 | .. | Type V. Gal. long. 275° 30’, lat. —o° 18’. 
vive 13 29.1;—61 45 | .. | Type V. Gal. long. 275° 46’, lat. 18’. 
15 34 .. Type l. AB, Hy, 6, He, and bright. 
Z. C. 184 1935/18 35.2; —51 51/9 Type lV. 
19 47.0|—65 37] .. | Peculiar. 
---|21 366|/—65 30] .. | TypelIV. 
— 8° 5858 22 16.5 — 8 7) 85 Type III. Hydrogen lines bright? Variable. 
o" 54".2. Position for 1875, R. A. =o" 53" 22°.4, Dec. = -- 75° 
40° 30”. 
4" 52™.0. Position for 1875, R. A. = 4° 52™ 15.2, Dec. = — 67° 7’ 
39". This object is VG. C 1714. 
7" 13".9. Position for 1855, R. A. = 7" 11™ 45°.4, Dec. = -— 12° 
58° 9”. 
7° 18™.1. In the A. ., 118, 259, Espin gives — 3° 1886, mag. 
8.7, as having a spectrum of the fourth type. — 3° 1886 follows 


— 3° 1873 1".8, south o’.3, and has a spectrum of the first type. 
Probably — 3° 1873 was the object observed by Espin, but erroneously 
identified by him. 

7" 22".4. The spectrum of this star resembles that of a star of the 
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fourth type. The bands, however, are of shorter wave-length, and are, 
perhaps, identical with those of a star of the third type. The portion 
of the spectrum whose wave-length is less than //y, 4341, is too faint 
to appear in the photographs. 


9" 6".1. Position for 1875, R. A.==9" 5™ 50°.3, Dec. 69 

25 58 
9" 13".5. Position for 1875, R. A. = 9" 12™ 59°.8, Dec. = — 65 

42 37 


10" 17".2.. Thelines #8 and //y in this star have been found to 
be variable by Miss A. J. Cannon. On June 2, 1893, they were 
bright, and superposed on a broad dark band. On April 17, 1895, 
and March 17, 1896, these lines, like the other hydrogen lines, were 
dark. 

10" go".1. ‘The hydrogen lines in this star appear to be variable. 
On May 20, 1892, 4B, Hy, and /76 were dark. On April 3, 1895, the 
line 7B was bright. On April 21, 1895, 4B and //y were bright. 7 
and /7/y were dark, with the edge of greater wave-length apparently 


bright. 

10" 42".6. Position for 1875, R. A. = 10" 41™ 40°.8, Dec. 64° 
57. 20” 

11°55".3. Position for 1875, R. A. 11" 54™ 3°.1, Dec. 54° 
25’ 24" 

13° 26".8. Position for 1875, R. A. = 13" 25" 6°.2, Dec. — 61° 
40° 30" 

13" 29".1. Position for 1875, R. A. = 13" 27™ 23°.2, Dec. 61 
37° 4" 

15" 26".7. Position for 1875, R. A. 15" 24" 8*.2, Dec. 23° 


29’ 26". This is the object whose position for 1g00 is announced in 


Astronomy and Astro-Physics, 12, 546, as R. A. 15" 27".0, Dec. 

—71° 32’. Its spectrum is there described as of the third type hav- 
ing also bright hydrogen lines, and consequently it was suspected of 
variability. Later and better photographs show that the spectrum is 
continuous, with the hydrogen lines 7B, Hy, 1/6, //e, and HZ bright, 
resembling that of » Carinae as seen with the same dispersion. The 


variability is not confirmed. 


19" 47".0. Position for 1875, R. A. = 19" 44" 37°.0, Dec. 65° 
41° 9" 
21" 36".6. Position for 1875, R. A. = 21" 34" 37°.9, Dec. 65 
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STARS RESEMBLING 4 PUPPIS. 


Besides € Puppis, the additional lines due to hydrogen are present 
in the spectra of the first and second classes of stars of the fifth 
type (4. 4. 127, 1), and in the spectra of the first group of stars of the 
Orion type according to the classification of Miss Maury (#7. C. O. 
Annals, 28,15). The lines whose wave-lengths are there given as 
4200.3, 4542.7, are probably additional hydrogen lines, and the line 
4685.4 probably coincides with the bright band in { Puppis. Miss A. 
J. Cannon, from a careful study of the Draper Memorial photographs of 
the bright southern stars, has added the following stars to those already 
known to contain these lines. In dA. G. C. 17572 the lines 3925, 4027, 
4202, and 4544 are present and dark. In the fifth type stars, 4. G.C 
8631 and 22763, the lines 4027, 4202, and 4544, and the bands 4633 
and 4688 are present and bright. In the fifth type stars, 4d. G. C 
10863, 22748, and 22843, the hydrogen lines 3925, 4027, 4202, and 
4544 are present and dark, and the bands 4633 and 4688 are present 
and bright. The band 4633 is double in the last two stars, and also in 
A. G. C. 9311, 29 Canis Majoris. 

EDWARD C. PICKERING. 

June 21, 1898. 


A CHROMOSPHERIC LINE NEAR K. 


Upon nearly all plates of the spectrum of the Sun’s limb, taken for 
my investigation of “The Rotation Period of the Sun, and the 
Motions of the Sun’s Atmosphere” (in course of preparation for publi- 
cation), there appears, more or less faintly against the shading of the K 
line, a chromospheric line at wave-length 3934.954. 

This line is generally stronger upon the plates showing the double 
reversal of the K line the most distinctly, but there does not seem to 
be a complete correspondence, and upon plates taken over Sun-spots 
where the K_ line is very strongly reversed, there are no traces what- 
ever of this chromospheric line. 

In the second order spectrum of the grating used, the first order 
ghost of the K line falls not far from the place occupied by this line, 
and the suspicion that the line in question might be a ghost of the 
reversal of K was at first entertained, being rendered more probable 
by the nebulous character of the line. But the wave-length is some- 
what different, being 3934.954, while the first order ghost (on a 
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second order spectrum plate) of the violet component of the reversal 
is at 3935.569, and the red component at 3935.983. Besides, there is 
no corresponding bright line on the violet side of K, and the wave- 
length of the chromospheric line is the same on plates of the second 
and third order spectrum, which would not be the case were it a ghost 
(the actual distance apart of ghosts and the central line being the same 
on plates of the first, second, and third order spectrum, but not the 
difference in wave-length). 

The line in question does not occur except upon plates of the 
spectrum of the Sun’s limb. In Shackleton’s flash spectrum it is not 
distinguishable from the K line. Professor C. A. Young writes that 
upon looking up some photographs of his, taken some years ago, a 
similar line shows, but he thinks it undoubtedly a ghost of K. Prob- 
ably upon his plates the line is mixed up with a ghost of k, but with 
my own plates there is no coincidence and no question whatever as to 


the chromospheric origin of the line. 
Lewis E. JEWELL. 


PHOTOGRAPH OF THE SPECTRUM OF THE “FLASH” 
MADE BY PROFESSOR Kk. D. NAEGAMVALA AT THE 
ECLIPSE OF JANUARY 21, 1898. 

PLATE I is a negative reproduction of the spectrum of the “flash” 
as photographed by Professor Naegamvala at the last solar eclipse. 
In a recent letter Professor Naegamvala, who was stationed at Jeur, 
gives the following details regarding the photograph. 

“The flash was visually observed with a small direct-vision com- 
bination and the signal was given to expose. The exposure was 
made off and on by hand and must have taken half a second, and 
the signal must have been taken up also half a second after it was 
given. 

“The photograph was taken on an Edward Isochromatic plate, 
with a six-inch Taylor-Cooke ‘Triplet and two objective prisms, 45°,8 
x 6 inches face. 

“The ultra-violet part of the spectrum is not as extensive as might 
have been thought, but this is evidently due to the absorption in the 
lens. On the original plate the spectrum is quite conspicuous from 
D, to Hy. 

“The definition is unfortunately not very good. This is due to 
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the very few opportunities I had of adjusting the instrument, it having 
arrived so late as the rith of January.” 

In justice to the photograph sent by Professor Naegamvala it 
should be stated that the half-tone cut fails to bring out all the fine 
lines shown on the original. Perhaps-the most interesting feature of 
the photograph is the prominence shown in two lines between H and 
#8, but invisible in H and K and the hydrogen lines. 


NOTE ON NEW GASES IN THE EARTH’S ATMOSPHERE. 

Messrs. RAMSAY AND TRAVERS communicated to the Royal Society 
on June 3 a preliminary note on Avryffon, the new element they have 
discovered in the air. From 750% “™ of liquid air they succeeded in 
obtaining 26 “” of a gas which showed, in addition to a feeble argon 
spectrum, two brilliant lines, one at A5869 (very near the D, line), and 
the other at A5570, with a fainter line at A5557. ‘The separation of the 
other lines from those of argon was difficult, but those lines were 
assigned to the new gas which were invisible or very faint in the argon 
spectrum when the two spectra were simultaneously compared. The 
approximate wave-lengths are 


A4317 44807 \5557 
4357 4830 5570 
4461 4834 5829 
4671 4909 5869 D, 
4736 6011 


The density of the sample was found to be about 23, but the dis- 
coverers venture to conjecture that the density of the pure gas will 
turn out to be 4o, with an atomic weight of 80, thus falling into the 
helium series. By the comparison of the length of a sound wave in it 
and in air, krypton is shown to be monatomic and simple. 

Sir William Huggins had privately called our attention to the 
coincidence of the line at 45570 with the principal line of the aurora, 
as has also been noted by Schuster and by Berthelot. Thus it seems 
that at last the true origin of that hitherto perplexing line has been 
discovered. 

At the meeting of the Royal Society on June 16, Professor Ramsay 
announced the presence in atmospheric argon of two new companion 
gases, to which he has assigned the names weon and mefargon. 
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The spectrum of neon is described as containing a large number of 
strong lines in the red, orange, and yellow, and in the deep violet. 
For the line at A5850, near the helium line D, (A5876) and the 
krypton line D, (A5869), the designation D, is suggested. The 
density of the sample was about 14. 

The density of metargon is given as 19.87, that of argon being 
19.94. Its spectrum showed numerous bands, the wave-lengths of 
which are closely coincident with those in the band spectrum of 
carbon, with tliree cyanogen bands, as was promptly pointed out by 
Schuster (Vature, 58, 199, June 30). Thus the spectroscopic evidence 
is strong that metargon is not a new element, but some form of 
carbon. In a subsequent number of Vature (July 14) Messrs. 
Ramsay, Travers, and Baly cite several chemical tests tending to 
exclude the possibility of carbon from the supposed new gas, and 
consider that these facts will necessitate a suspension of judgment on 
the question. 

At the session of the French Academy on June 13, a sealed 
package, deposited in May 1896, was opened and the paper enclosed 
was presented by its authors, Messrs. Moissan and Deslandres. While 
experimenting in 1896 on the gases obtained from the mineral certve 
they found a residual gas which showed lines of helium and argon and 
lines hitherto unknown, at A4151.7, 4143.7, 4110.0, 4108.0, 4100.5. 

They expressed the opinion that these were either new nitrogen 
lines, peculiar to low pressure, or else were due to a new atmospheric 
gas resembling nitrogen in chemical characteristics— with a preference 
for the latter view. M. Moissan now states the belief that the lines 
are not due to krypton. E. B. F. 
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beds and berths in hotels and on boats. 
gH Bark Bed Comfortables and Sheets are made of the 
tender inner bark of the Canadian Balsam Spruce Tree, stripped 
early in the spring when the sap is rising in the tree. By a 
special process the bark is made into thin sheets as smooth, soft 
and pliable as cloth and in which all the powerful aromatic and 
balsamic qualities of the spruce are permanently retained. 

Nervousness, Insomnia, La Grippe and ordinary Colds are 
almost completely allayed with a single night’s rest between 
Spruce Bark Bed Clothes and their constant use is recommended 
by Physicians as an absolute protection and preventive against 
these ailments. 

The only difference between the Comfortables and Sheets is 
in weight. The Comfortables weigh about 1 !b., while the Sheets 
are specially selected light weight and weigh less than 12 oz. 

Spruce Bark Bed Comfortables and Sheets. size 64x72 in., 
are packed in curious wooden bags, silk lined and trimmed with 
silk, and, if your dealers cannot supply them, we will ship any- 
where in the U. S. or Canada, carriage and duty free, on receipt 
of price, $2 each, for either Comfortables or Sheets. Money 
refunded if not satisfied. 

Booklet containing testimonials sent free on request. 


The King-Jones Co., Department P. N., Toronto, Can. 
Jones & Co., Department P. N., ‘Niagara Falls, N. Y. 


THE WESTON STANDARD 
VOLTIETERS « AMMETERS 


Portable, 
Accurate, 
Reliable and 


Sensitive. 


WESTON ELECTRICAL INST. CO., 
114 WILLIAM ST., NEWARK, N, J. 


THE PHILOSOPHY OF THE HUMANITIES 


By Thomas Fitz-Hugh, Professor of Latin in 
the University of Texas. An Inquiry into the Philosophic 
Basis of Humanistic Studies and into their Pedagogic Treat- 
ment: I. The Evolution of Culture. II. The Fodegdaie 
Aspect of Culture Evolution: Organization of the Latin 
Humanities in the College. III. Organization of the Latin 
Humanities in the High School. 63 pages, price 50 cents. 


The University of Chicago Press, Chicago 


SCARCE & MISCELLANEOUS BOOKS. 


AMERICANA, LECTURES, ESSAYS, Ete., 

LATE WAR, RELIGION, 

HISTORY, BIOGRAPHY, TRAVEL, BOTANY and NATURAL HISTORY, 
FINE EDITIONS, POLITICAL ECONOMY, 

OLD, QUAINT, and CURIOUS, Etc., Etc, 

Send stamp for catalogue toA. J. CRAWFORD, 
P.O. Box 317. 312 N. Seventh St., St. Louis, Mo. 


An Ideal Ocean Voyage 


is fully realized on the luxuriously equipped 
Compagnie Generale Transatlantique 


FRENCH LINE 


The culture and refinement of the 
entire world represented on every trip. Fast express steamer 
to Havre leaves New York every Saturday. Through vestibule 
train vo Paris in 4 hours. 
MATRICE W. KOZMINSKI, 
Gen"! Western agent, No. 71 Dearborn Chicago. 


Hardin College and Conservatory for Ladies 
Tae College.—A tacuity trained in both College and 
University. Thorough courses in Art and Elocu 
tion, The Conservatory.—Courses arranged 
by Xaven Scnagwaenxa, Director General. Mild climate 
for northern people, temperate for southern Expense: 
JOHN W. MILLION, Pres., Mexico, Mo. 


reasonable. 


INSTRUCTION BY CORRESPONDENCE. 
The University of Chicago offers advantages for non- 
resident students through its CORRESPONDENCE-STUDY 
DEPARTMENT which cannot be surpassed. Degrees are 
not granted upon work done wholly by Correspondence, but 
when courses are completed by examination at The University, 
credit will be given so that the time of required residence for the 
Bachelor and Doctor’s degrees may be materially shortened. 
The work offered includes courses in Philosophy, Pedagogy, 
History, Political Economy, Sociology, the Languages, 
Literature, and Mathematics. 
Circulars giving detailed information may be had by 
addressing 
THE CORRESPONDENCE-STUDY DEPARTMENT, 
The University of Chicago. 
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| IR. KR. Donneiley & Sons Co. 


The Lakeside Press 
PRINTERS AND BINDERS 


THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU- 


« 
| TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND ANNUALS A 
SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES 
WEST OF NEW YORK. OUR NEW FACTORY, RUN ENTIRELY BY ELEC- 
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY. 
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO. 
OQOV OL AQ OV OY ED OLE OD OD OY OY OY OY OY OL) OV ELD OY OVOOS® 
2 Ih Special 30 day Offer = 
2 hie pea ay Uiler 2 
9) ) 
> ish 
> panis 
2) i i 
S in 10 weeks at your own home, Regular Price, $5.00. & 
@) 
® BY THE ROSENTHAL METHOD, the most simple, natural and practical system of language study & 
o ever published, In use in every country in Europe. and enthusiastically endorsed bythe leading edu- 
») cators of tue world, Thirty minutes a dov for ten weeks will enable you to read, ewrite and speak « foreign laneuvave. g 
®@ SPECIAL OFFER FOR THIRTY DAYS ONLY, upon receipt of $3.50, we will send 1 complete set of { 
Books of the Rosenthal Method for Language Study at home (French, German or Spanish) 
@ including Membership in Correspondence School, which entitles yon to the privilege of consulting the eminent linguist, Dr. 4 
3) Kh. S. Rosenthal, \ate Prof. Uni. of Berlin, author of the Rosenthal Method, and to free correction of exercises. Regular price $5. @ 
mf Send us $3.50 for complete set of books with membership, and if upon receipt you are not satisfied, return them and we will 
| 5) promptiy refund your money. State language desired. Booklet. “A Revolution in the Study of Foreign Languages.” free. > 
. THE DR. ROSENTHAL LANGUAGE COLLEGE, 433 Central Park West, New York. 2 
0500900008" 
e College of Physicians and Surgeons of Chicago 
Th Chicago 
The School of Medicine of the University of Illinois. x 
(OPPOSITE COOK COUNTY HOSPITAL) Law Sc hool 
Four years’ graded course First two years largely labora- Comms, Unle> 
j tory work, last two years largely clinical work. Laboratory graduate Course of three years leads 
and clinical facilities unsurpassed. Persons interested in > LL. on 
medical education are invited to investigate this college. For grees of il. M.and D.C L Pall 
izsormation apply Dr, Wm. Allen Pusey, Secretary, 
108 State Street, Chicago, Ills, 115 Dearborn St., CHICAGO, ILL. 
STUDENTS Instruction by mail, adapted to % 
, are best prepared for successful careers by a course com- every one. Methods approved by 
i ing actual practice with laboratory and clinical work. leading educators. Experienced and 
Tuis and other advanced ideas are features of 
HARVEY MEDICAL COLLEGE, CHICAGO. preparatory, . business, college. 4 
Any interested in the study of medicine can obtain further 
ec ‘ ) a. = 
information from dents and graduates everywhere 
FRANCES DICKINSON, M. D., 167-171 Clark Street, Chicago. S years of sneerss. Full partica- \ : 
School of Law. S27 Tel.Bldg. Detroit, Michigan. 
| STUD ILLINOIS Sehvol of Law, 227 Tel. Bidg., roit, gan. 
Medical College SIMEON W. KING 
M d ee =the Chicago Summer School Attorney at Law, 
of Medicine. A regular Med- P 
e ICIne ical College, holding sessions United States Commissioner 
from March to September. j | 
Four years’ graded course. 
| e Twenty Professors. Excellent Comm 5§ Oner of Deeds 
| uring clinics. Well-equipped Labor- For ALL the States and Territories. 
atories. Abundant dissecting 
material. Living costs one- 5. Conve 
third less than in Winter. No Government Passport Agent 
other great city has a climate at Chicago, Iil., and Notary Pub. 
by the Illinois State Board of pot 
Health. Apply to Chicago, Lil. 
W.F. Waugh, A.M.,M.D.,Dean — 
ummer. or H. H. Brown, M. D., Sec’y. » Please mention the AsTRopHYSICAL JOURNAL when 
103 State St., Chicago. —— writing regarding advertisements in this magazine. 


BEAUTIFUL 


ETCHINGS 


ILLUSTRATING 
AMERICAN SCENERY ano 


"AMERICAS GREATEST 


Catalogue 


Containing miniature 
reproductions will be 
sent free post paid on 


by George H.Daniels, 
Geni. Pass. Agt. Grand 


AMERICAN ACHIEVEMENT#} 


Central Station.New3ork. | 


Teceipt of one 2ct. stamp, 


iA THE 


FRANK JRECD- 
GENERAL 
L 
* CHICAGO 


DOMINION LINE 


MAIL STEAMSHIPS 
WEEKLY SAILINGS 


MONTREAL AND QUEBEC 
TO LIVERPOOL 


FORTNIGHTLY SAILINGS 


BOSTON TO LIVERPOOL 


VIA QUEENSTOWN 


Large, fast, twin-screw passenger steamers 
Superior accommodation for all classes of passen- 
gers. The St. Lawrence route to Europe is yearly 
becoming more popular—the three days of smooth- 
water sailing after leaving Montreal, before the 
Atlantic is reached, being much enjoyed. 

The sea passage is a short one of 1656 miles. 

Boston as a port of departure for Europe is 
very convenient. 

For all information as to rates, etc., apply to any 
local agent of the company, or 

GUS BROBERG, 609 Dearborn St., Chicago. 


Richards, Mills & Co., 
103 State St., Boston, Mass. 


David Torrance & Co., 
Gen. Agents, Montreal 


Grand Trunk 


\4 
SYSTEM, 


way 
THE FAVORITE ROUTE TO 


Rae 
All Canadian s@ Eastern Points 


VIA THE ‘‘ST. CLAIR TUNNEL."’ 


THROUGH SOLID VESTIBULED TRAIN SERVICE, 


First- and Second-Class Coaches and Pul'man 
Palace Sleeping Cars in connection with 


THE LEHIGH VALLEY RAILROAD SYSTEM, 


DAILY BETWEEN 


CHICAGO and NEW YORK and 
PHILADELPHIA, 


Via Niagara Falls and Buffalo. 


Through Pullman Sleeping Car Service daily between 
Chicago, Detroit, Mt. Clemens, Saginaw Valley, Ni- 
agara Falls, Buffalo, Boston, Canadian and New 
England points via Montreal. 

The Favorite Route for Summer Tourists, who 
should send their address to L. K. MoRROw. Pass’r and 
Ticket Agent, Chicago, Ill., and ask for particulars re- 

arding Summer Tours, Chicago to Niagara Falls, the 

Thousand Islands, the Adirondacks. the White Moun- 

tains, and the Summer Resorts of the Coast of Maine, 

which will be sent to a'l app.icants free of charge. Sale 

of Summer Tourist Tickets Commences June I. 

For rates, Sleeping Car reservations, folders, etc.. 
apply to 

L. R. MORROW, Pass’n & Txr. Acr., 
103 CLARK ST., CHICAGO, ILL 
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Globe Card 
Index 


A SIMPLIFYING, systematic card 

arrangement of necessary informa- 
tion—anything—on any subject. 3 
& You can pick out a desired address, 
mame, quotation, account, cost, stock 
record,inamoment 
A perfect index to anything you 
will ever need a second time. % % J 


Send for a catalogue—illustrated—of the Globe Card 
Index File and Globe Business Furniture. ... . 


THE GLOBE COMPANY, 


226-228 Wabash Ave., 1224-1248 W. Eighth St., © Fulton & Pearl Sts., 
CHICAGO CINCINNATI NEW YORK 


ITHAS THESE 


DISTINCTIVE FEATURE 4 
CLEVELAND DETACHABLE TIRE 
CLEVELAND HARDENED BLOCK aus 

BURWELL SELF-OILING BEARINGS.( 


Chicago, Ill. 
. 


Retail Salesroom: 
274 
Wabash Ave. 


BICYCLES 
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BUFFALO-DETROIT-SAN FRAN -TORONTO- 
ONDON* PARIS-HAMBURG- 


SS La IN THE ESSENTIAL QUALITIES OF 


Durability, Evenness of 
LEADING STYLES: Point, and Workmanship. 

WRITE WELL. WEAR LONG. 

Fine Points, Al, 128, 333. ONCE TRIED ALWAYS USED. 
Business Pens, 048, 14, 130. Established Tuirty-E1cut 
Blunt Points, 122, 280, 1743. years ago, and always recog- 


nized among expert writers 
as the SranpARD AMERICAN 
Turned up Points, 256, 477, 531. BRAND. 


Broad Points, 239, 313, 442. 


Vertical Writers, 556, 570, 621. Samples for trial on receipt 


A GREAT VARIETY OF OTHER STYLES, of return postage. 

For Sale by all Stationers. _--—<="""SPENCERIAN 

The Esterbrook Steel Pen Co. = _ ane) | 
Works, Camden, N, J. 26 ‘ahr St. N.Y 


ALLAN LINE. 


Royal Mail Steamship Co. 


ESTABLISHED IN 18354. 


The Company’s Fleet consists of Thirty-four Steamers aggregating 134,937 tons. 
Tunisian, 10,000 tons—building. Bavarian, 10,000 tons—building. Castilian, 8,800 tons—building. 


Steamers sail weekly from Montreal to 
Liverpool during the season of navigation; 
also separate service from New York to Glasgow. ® 

The St. Lawrence route is 1000 miles 
less ocean sailing than from New York. 

Three days’ sailing on smooth water. 

The steamers are fitted with every im- 
provement for the comfort of the passengers, 
in all classes, including bilge keels, making 
the vessels steadv in all weather, electric light, 
midship saloons, spacious promenade decks, 
music rooms, smoking rooms, etc. 

Special attention has been paid to the 
ventilation and sanitary arrangements. An 
experienced surgeon is carried on all passen- 
ger steamers 


Rates of passage lower than by most 
fust-class lines. Circular giving rates and 
sailings, on application to 


ALLAN & CO., 


174 Jackson St., Chicago ; or. 


H. & A. ALLAN, Montreal. 
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Preliminary Table of 
Solar Spectrum Wave-Lengths 
By Henry A. Rowland 


ROFESSOR ROWLAND’S important TaBLe 
Pr OF SOLAR SPECTRUM WAVE-LENGTHS, which 
has been generally adopted by spectroscopists as 
the standard of reference, was first published in 
the Astrophysical Journal, beginning with Vol. I, 
No. 1, January 1895, and continuing to Vol. V, 
No. 3, March 1897. The Table gives the wave- 
lengths of nearly 20,000 lines, measured from 
photographs of the solar spectrum made with the 
concave grating at the Johns Hopkins University. 
*,.* The eighteen separate parts, together with a 
table of corrections and additions, have been 
reprinted in a single volume of 225 pages, copies 


of which are now offered for sale at $1.50 each. 


ALL ORDERS SHOULD BE ADDRESSED TO 


The Press Division 
The University of Chicago 
Chicago, Ll. 
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Economic Studies 
The Science of Finance. 


An authorized translation of Gustav Cohn’s 
“ Finanzwissenschaft,” by Dr. T. B. Veb- 
len of the Universityof Chicago. Large 8vo, 
cloth, xii++ 800 pages. Price, $3.50 net. 


Il. History of the Union Pacific Railway. 
By Henry Kirke White. Large 8vo, cloth, 
about 150 pages. Price, $1.50 net. 


III. The Indian Silver Currency. 
By Karl Ellstaetter. Translated from the 
German by Prof. J. Laurence Laughlin. 
Large 8vo, cloth, 132 pages. $1.25 net. 


IV. State Aid to Railways in Missouri. 
By John W. Million, A.M. Large 8vo, 
cloth, 264 pages. Price, $1.75 net. 


Studies in Political Science. 


I, The Constitution of the Argentine Re- 

ublic and the Constitution of the United 

tes of Brazil. Texts. By Elizabeth 

Wallace. Paper, 8vo, 96 pages,’ 5oc. net. 

The texts are accompanied by a historical introduc- 

tion, giving a brief review of the constitutional history 
of each country. 


IL. The Legal Nature of Corporations, By 
ErnstFreund, J.U.D. Paper, 8vo, 83 pp. 5o0c. 
This work contains a philosophic analysis of the legal 

concept ‘‘Corporation.’” It is an important contribution 

to legal theory. 


Ill, Early City Charters of Chicago, 
By Edmund J. James, Professor in the Uni- 
versity of Chicago. Paper, 8vo, 83 pages 
50c. ’ 
The Cy of Chicago was under its early charters a 
council-ruled and council-organized municipality ; the 
process by which it was slowly converted into the 
typical organization of today with an independent and 
strongly organized executive is reflected in the charters 
themselves. 


£4 
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LY 
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Remittances should be made payable to 
The University of Chicago 


UNIVERSITY OF CHICAGO BOOKS 


Germanic Studies. 


I. Der Conjunktiv bei Hartmann von Aue. 
By Starr Willard Cutting. Paper, 8vo, 54 
pages, with 24 inserts of charts and tables, 
50 cents. 

II. 1. Verner’s Law in Gothic. 2. The Re- 
duplicating Verbs in Germanic. By Frank 
Asbury Wood. Paper, 8vo, 44 pages, 50c. 


Ill. Inedita des Heinrich Kaufringer. By H. 
Schmidt-Wartenberg. Paper, 56 pp., 50c. 


Studies in English. 


The Assembly of Gods; or, The Accord of 
Reason and Sensuality in the Fear of 
Death. By John Lydgate. Edited by 
Oscar Lovell Triggs. Vol. of the English 
Studies of the University. Paper, large 
8vo, 192 pages. $1.00 net. 


The Treatment of Nature in lish Poetry 
between Pope and Wordsworth. Ky Myra 
Reynolds. Paper, 8vo., 280 pp., 75¢ net. 


Metaphor and Simile in the Minor Eliza- 
bethan Drama. By Frederick Ives Car- 
penter. Paper, 8vo, 217 pages, 50c. net. 


Miscellaneous. 
The Negatives of the Indo-European Lan- 


ages. by Frank Hamilton Fowler. 
aper, large 8vo, 40 pages, §0c. net. 

The Philosophy of the Humanities. The 

Evolution of Classic Culture and _ its 
Pedagogic Treatment. By Thomas Fitz- 
Hugh. Paper, 63 pp., Soc. 

Assyrian and Babylonian Letters belonging to 
the K collection of the British Museum. 
By Robert Francis Harper, Ph.D., of the 
University of Chicago. 

I. Cloth, 8vo, xv +116 pages. Price $6.00. 
II. Cloth, 8vo, 112 pages. Price $6.00. 


Ill. Cloth (1896), 8vo, xv +116 pages. 
IV. Cloth (1896), 8vo, xvi + 116 pages. 


Price $6 oo. 
Price $6.00, 


Address: THE UNIVERSITY OF CHICAGO PRESS 
58th St. and Ellis Ave., CHICAGO, ILL. 
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UNIVERSITY OF CHICAGO BOOKS 


Miscellaneous. 

Syntax of the Moods and Tenses in New 
Testament Greek, By Ernest D. Bur- 
ton, Head Professor of New Testament 
literature and exegesis in the University 
of Chicago, second edition, revised and 


enlarged. Cloth, 1I2mo, xxii-+ 215 
pages. $1.50 net. 
The University of Chicago Contributions to 


ilosophy. Each 35c; subscription to 
four numbers, $1.00. Paper. 

I. Studies from the Psychological Laboratory. By 
ames Rowland Angell. 52 pages. 

II. The Necessary and the Contingent ir the Aristo- 

telian System. By Wm. Arthur Hei cel, Ph.D. 
III. Significance of the Problem of Knowledge. By 
ohn Dewey. 20 pages. 
IV. Impersonal Judgment. Its Nature, Origin, and 
Significance. By Simon Fraser MacLennan. 49 pp. 


The Public Schools of Chicago: A Socio- 
logical Study. In two parts. I: History. 
Il: Structure and Functions of the 
School System. Paper, 50c. 


Feudal Relations between the Crowns of 
England and Scotland under the Early 
Plantagenets. By Charles Truman 
Wyckoff. 150 pages, 75 cents. 


Essays concerning Jesus and His Times. 
Reprinted from Vols. 1V, V, VI and VIII 
of “ The Biblical World.” Cloth, $1.00, 


The Sociologist’s Point of View. By Albion 
W. Small. Paper, 25 pages, 10 cents. 


Anthropoldgical Bulletins. 8vo, 25c. ea., net. 
I. Notes on Mexican Archxology. By Frederick 
Starr. 16 pages, with plates. 
Il. The Little Pottery Objects of Lake Chapala, 
Mexico, By Frederick Starr. 27 pages. 


Studies in Classical Philology. Boards, 8vo, 
250 pp., $1.50 net. Contents of Vol. 1: 
I. The Anticipatory Subjunctive in Greek and Latin. 
By William Gardner Hale. Paper, Price soc. 
II. Vitruvius and the Greek Stage. By Edward 
Capps. Paper 25c. 
III ‘The Direction of Writing on Attic Vases. By 
Frank B, Tarbell. 
IV. The Oscan-Umbrian Verb System. By Carl D. 
Buck. Paper, soc. - 
V. The idea of Good in Plato’s Republic. Paul Shorey. 
2s5c. 


Scutage and Knight Service in England. 
By James Fosdick Baldwin. Paper, 119 
pages, 50c. 

An Exposition Outline of the Relation of 
Certain Economic Principles to Social 
Readjustment. (In press.) By F. W. 
Sanders. About 50 pages, 50c. Paper. 

The Science of Sociology. Supplementary to 
“The American Journal of Sociology.” 
By James H. Hyslop, Ph.D., Professor 
of logic and ethics in Columbia Univer- 
sity. Paper, 67 pages, 5o0c. 

Present Status of the Inquiry Concerning the 
Genuineness of the Pauline Epistles. By 
Bernhard Weiss, Theol. D., Professor in 
the University of Berlin. 78 pp., Soc. 

Physiological Archives. Hull Physiological 
Laboratory. I. Publications of the year 
1895. Paper, 8vo, $1.00 net. Edited by 
Jacques Loeb. All but one of the papers 
deal with problems of general and com- 
parative physiology. Seven of the eight 
papers are inGerman. 65 pp. Illustrated. 


The Education of Business Men, A view of 
the organization and courses of study in 
the commercial high schools of Europe. 
By Edmund J. James, Professor in the Uni- 
versity of Chicago. 232 pp., paper, Soc. 


Food as a Factor in Student Life. 
By Ellen H. Richards and Marion Tal- 
bot. Paper, 8vo, 28 pages, 25c. net. 


An Analysis of the Social Structure of a 
Western Town. By Arthur W. Dunn. 
Paper, large 8vo, §3 pages, 25c. 

The Development of the French Monarchy 
under Louis VI (Le Gros), 1108-1137. 
By James Westfall Thompson. Paper, 
8vo, 114 pages, $1.00 net. 

Gold and Prices Since 1873. 

By J. Laurence Laughlin. Paper, 8vo, 
66 pages, with charts, appendices and 
bibliography. Price, 25c. net. 


Address: THE UNIVERSITY OF CHICAGO PRESS 


Remittances should be made payable to 
The University of Chicago 


58th St. and Ellis Ave... CHICAGO, ILL. 
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What is 


Dixson’s 
Subject 
Index 
to 
Fiction? 


“It is far and away the best and most 
practical, up-to-date index to historical 
novels yet published, and is indispensable 
to public libraries and purchasing com- 
mittees.”—Ldward W. Hall, Librarian of 
Colby University. 

An excellent thing well done.”— Zhe 
Outlook. 

“It is a time-saver that will be appre- 
ciated by writers, authors, and readers.”’-— 
New York Observer. 

“Tt is an excellent piece of work. 
There is no reason why it should not be- 
come as much of a standard as Poole’s 
Index.” — Zhe Chicago Tribune. 


“The lists are surprisingly full and 
accurate. In the bibliographical field few 
more useful books have appeared this 
year.’ —Philadelphia Book News. 

“Should find a place on every book- 
man’s desk.” — Zhe Bookman. 


“Every student and every writer will 
feel indebted to the Associate Librarian of 
the Chicago University.”— Zhe Mew York 
Commercial Advertiser. 


“ This INDEX will prove a most valuable 
and delightful guide. 
also of what special help the work will be 
in the hands of every pastor, college in- 
structor, librarian, or bookseller Pacific 
Baptist. 


It is easy to see 


* Your INpDex has already been of great 
service to readers of this library and is 
destined to be used a great deal more.”’— 
R. C. Davis, Librarian of University of 
Michigan. 

“Tam more and more delighted with 
your INDEX as I use it in connection with 
my classes.”—C. Z. Williams, Professor of 
English Literature, Denison University. 


“T congratulate you on the service you 
have rendered readers in this publication.” 
—Charles C. Soule, Boston Book Co. 


“Supject INDEX TO FICTION promises 
to win a respected place on the shelves to 
which such books of reference are as- 
signed.”— The New York Tribune. 


“Your INDEX improves on acquaint- 
ance. I never knew what the world of 
fiction really was before I studied this 
methodical manual.’’— Dr. Charles J. Bald- 
win, Pastor Granville (O.) Baptist Church. 


“T am experiencing great pleasure and 
profit from the use of your INDEX. I 
have recommended it most heartily to our 
students."— Dr. J. D. S. Riggs, President 
of Ottawa University. 


PRICE, ENGLISH BUCKRAM, $2.00 AND POSTAGE 


ADDRESS 


ZELLA ALLEN DIXSON, A.M., 


Associate Librarian of the University of Chicago, 


CHICAGO, ILLINOIS 
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} PHOTOGRAPHIC and ( 

Lantern Slide Apparatus ( 
and Materials for the ( 
( Scientist and Amateur ( 


() Anthony’s Micrcgraphic Camera ( 
\ Anthony’s Lantern Slide Camera ) 
A.T. Thompson & Co’s Improved Elec- ( 
tric and Lime Light Stereopticons ) 
Hand Cameras and Outfits of all kinds. () 
( Tripod Cameras, Lenses,Shutters,New 
American Films, Dry Plates, 
( Developers, Chemicals, Flash-light 
) Apparatus, American Aristotype ( 
( and American Gelatine Papers, and >) 
everything requisite for either ( 
( Amateur or Professional. 


() Books of Instruction ( 


for the beginner or advanced worker, 


+) Send for Booklets or Catalogue. ( 


4 E. &H. T. ANTHONY & CO, ( 


591 Broadway, New York 
45, 47, 49 E. Randolph St., Chicago 


PARKER 


> ‘ "Means much where Clean Fingers and thoughts are desired. 
hommes a sae jin all Not only does it feed the ink perfectly to the pen, but it prevents Soiled 
Fingers. Itis scientifically correct and has made the 


Geo. S. Parker Fountain Pen. 


sell the PARKER FOUNTAIN PENS because bright people want 
Bright Dealers them. A little talk with any courteous, up-to-date dealer will 
convince you of this. Prices, 


$2.00, $2.50, $3.00 and u ward, according to size and 

| Standard Parker onan desired. Next best, SPECIAL L, $1.50. 
| I ILVER DOLLAR, $1.00 

If your dealer keeps the old kind and won't Pam... you with a Parker, cond tous. Interesting booklet free. 


_GEO. . S. - PARKER | PEN - - 34 Street, Janesville, Wis. 


_ Safe Storage 
of Documents 


AND OTHER VALUABLE PROPERTY. 


Use of faultless material, most perfect devices 
and advanced methods of construction make the 
Safety Deposit Vaults of The illinois Trust Safety 
Deposit Co. the most secure in this country. 

With greatest security are most spacious and ele- 
gant appointments for the convenience of patrons. 
= These mark the highest achievement in the 

building of ey deposit vaults. 
All are invited to inspect them. No obligation 


Saal apa need be felt to transact any business. We wi | feel 
am repa or the showing the favorable com- 
Located in the New Building of the monte Cans wiil follow an examination. 
ILLINOIS TRUST & SAVINGS BANK, Popular prices prevail. 
Corner Jackson und La Salle Sts., ROBERT BOYD. 


CHICAGO. Secretary and Manager. 
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ALVAN CLARK & SONS 


CAMBRIDGEPORT, MASS. 


Manufacturers of 


ASTRONOMICAL TELESCOPES 


With Improved Equatorial Mountings 


Sizes from Four-inch Aperture 


to the Largest Ever Ordered 


Send for Photographs of our Portable Equatorials or 
five and six-inch’ fixed, with accessories — the best to be had for 


educational and amateur work. 


Terrestrial Telescopes for private residences 


The performance of our instruments, famous the world 
over, is their own greatest recommendation. An experience of 
nearly a half century in the art of telescope making enables us to 
apply a degree of skill and judgment to our work which make 
our objectives unrivalled in excellence. 


Among our telescopes are 


The Lick Refractor, 36-inch. Princeton Refractor, 23-inch. 
Pulkowa Refractor, 30-inch. Denver Refractor, 20-inch. 
Washington Refractor, 26-inch. Chicago Refractor, 18.5-inch. 


University of Virginia, 26-inch. Rochester Refractor, 16-inch. 
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Edited by President W. R. Harper. Monthly; about 80 pages, 
The Biblical World with special numbers in June and December. A rh om. 
monthly magazine; illustrated; devoted exclusively to biblical study. The best magazine 
published for the busy minister, the Sunday-school teacher, and the thinking layman. , 
$2.00 a year; foreign, $2.50; single copies, 20 cents. 
. Edited by Charles H. Thurber. Monthly, except in July and 
bs — nenoaeted August; averages about 80 pages. This publication distinc- 
y the national representative of —— and academic work. Special number in June. 
* Edited by John M, Coulter. Monthly, illustrated; at 
The Botanical Gazette least 80 pages. Devoted to the science of botany in all 
its departments, containing results of research, book reviews, notes for students, and news 
items. Contributions from leading botanists. $4.00 a year; foreign, $4.50; single copies, 40 cents. 
Edited by T. C. Chamberlin. Semi ly; about 
The Journal of Geology 120 pages. Devoted to the interests aie y and the 
allied sciences, and conta‘ns articles covering a wide range of subjects. ‘Adapted to young 
geologists, advanced students and teachers. $3.00 a year; foreign, $3.50; single copies, 50 cents. 


. An International Review of and 
The Astrophysical Journal Astronomical Physics. Edited by George E. Hale 
and James E, Keeler. Monthly, except in July and September; illustrated; about 80 pages. 
Invaluable to all who are interested in astronomy and astrophysics. 
$4.00 a year ; foreign, $4.50; single copies, 50 cents. 


The Journal of Political Economy ty J; Tasrence Laughlin. 


tion promotes the scientific treatment of ms in practical economics and also conatzins 
contributions on topics of theoretical speculative interest. $3.00 a year ; single copies, 75 cents. 


. Edited by the Divinity Faculty of the 
The American Journal of Theology by the Divinity of 
journal in the world so catholic in its scope as to cover the entire field of modern investiga- 


tion and research in all the different lines of theological thought represented by special fie. 
and particular schools. $3.00 a year ; foreign, $3.25; single copies, 75 cents. 


Edited by Albion W. Small. Bi- 

The American Journal of Sociology vonthty. This journal is the result 

of the increased popular interest in social questions. It presents to its readers, issue by issue, 
the latest developments in sociological thought and in social endeavor. 

$2.00 a year; foreign, $2.0; single copies, 35 cents, 

The American Journal of Semitic Languages and Literatures 

Edited by President W. R. . Quarterly; about 80 pages. This journal is a con- 

— of the well-known “ Hebraica,” which came into wide notice among scholars 


students interested in Semitic languages and literatures. 
$3.00 a year ; foreign, $3.25; single copies, 75 cents, 


° ° Published weekly. It contains articles on literary and 
The University Record educational topics, the Convocation Addresses, and the 


Quanty Statements of the President. An official weekly report is given of the affairs of 
University of Chicago. $1.00 a year; foreign, $1.50; single copies, 5 cents. 
THE UNIVERSITY OF CHICAGO, The University Press Division, CHICAGO, ILL. 
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NOTICE. 

The scope of the ASTROPHYSICAL JOURNAL includes all investigations of 
radiant energy, whether conducted in the observatory or in the laboratory. 
The subjects to which special attention will be given are photographic and 
visual observations of the heavenly bodies (other than those pertaining to 
“astronomy of position”’); spectroscopic, photometric, bolometric and radio- 
metric work of all kinds; descriptions of instruments and apparatus used 
in such investigations; and theoretical papers bearing on any of these subjects 

In the department of Minor Contributions and Notes subjects may be 
discussed which belong to other closely related fields of investigation. 

Articles written in any language will be accepted for publication, but 
unless a wish to the contrary is expressed by the author, they will be translated 
into English. Tables of wave-lengths will be printed with the short wave- 
lengths at the top, and maps of spectra with the red end on the right, unless 
the author requests that the reverse procedure be followed. If a request is 
sent with the manuscript one hundred reprint copies of each paper, bound in 
covers, will be furnished free of charge to the author. Additional copies 
may be obtained at cost price. No reprints can be sent unless a request 
for them is received before the JOURNAL goes to press. 

The Editors do not hold themselves responsible for opinions expressed 
by contributors. 

The ASTROPHYSICAL JOURNAL is published monthly except in July 
and September. The annual subscription price for the United States, 
Canada, and Mexico is $4.00; for other countries in the Postal Union it is 
18 shillings. Correspondence relating to subscriptions and advertisements 
should be addressed to 7he University of Chicago, University Press Division, 
Chicago, 

Wm. Wesley & Sons, 28 Essex St., Strand, London, are sole foreign agents, 
and to them all European subscriptions should be addressed. 

All papers for publication and correspondence relating to contributions 
and exchanges should be addressed to George EF. Hale, Yerkes Observatory, 
Williams Bay, Wisconsin, U.S. A. 
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